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A reasoning mind—man has always found 
this his most useful weapon when venturing 
into unknown fields. Today’s frontier—one 
of the greatest unknowns ever faced by man 
—lies in outer space. 

RMI, America’s first rocket family, is 
uniquely qualified to help our country con- 
quer the new frontier. For this project will 
require more powerful and more efficient 
- rocket propulsion systems than any yet de- 
_ signed. And RMI’s experience in the rocket 
_ power field extends back over 15 years... 
: years in which RMI scientists and engineers 
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pooled their reasoning power and knowledge 
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to develop entirely new methods of propul- © 
sion and to produce rocket powerplants for 
dozens of military vehicles. 

With this backlog of experience—and with 

an increasing staff of imaginative, reasoning 
engineers—RMI continues to blaze trails in 
many fields of rocket power: supersonic 
manned aircraft . . . versatile helicopters. . . 
catapults and test sleds . . . and missiles for 
defense and space exploration. 
Engineers, Scientists—Perhaps you, too, 
can work with America’s first rocket family. 
You’ll find the problems challenging, the 
rewards great. 
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Is YOUR JET ENGINE 


RPM MEASUREMENT 


ACCURATE AND SAFE? 


® READS JET ENGINE SPEED to 
GUARANTEED ACCURACY of 
10 RPM in 10,000 RPM (0.1% ) 


The inter-relation of RPM to efficiency and thrust in jet engines is 
fundamental. Proper adjustments for maximum thrust, maximum engine 
life and maximum safety of operation can be made only upon accuracy 
of instrumentation. The TAKCAL tests to guarantee that accuracy. 

The new B & H TaKCAL incorporates a refinement of the frequency 
meter principle. It operates in the low (0 to 1000 cps) range, reading 
the frequency of the tachometer generator on a scale calibrated in 
percent RPM corresponding to the engine’s RPM. It reads engine speed 
while the engine is running with a guaranteed accuracy of +0.1% in 
the range of 0 to 110% RPM. Additionally, the TAKCAL circuit can be 
used to trouble-shoot and isolate errors in the aircraft tachometer 


system, with the circuit and tachometer paralleled to obtain simultaneous (CHECKS TACHOMETER | 
reading. “SYSTEM” ACCURACY. | 
The TAKCAL’s component parts are identical with those used in the ADAPTS TO ANY FREQUENCY PROBLEM! 


J-Model JeTcaL Analyzer. They are here assembled as a separate unit 
tester and for use with all earlier models of the JETCAL Tester. 

The TAKCAL operates accurately in all ambient temperatures from 
—40°F. to 140°F. Low in cost for an instrument of such extreme 
accuracy, it is adaptable to application in many other fields. 
For full information write or wire... 


B & H makes the JETCAL® Analyzer 
and TEMPCAL® Tester 


INSTRUMENT Co., IN 
3479 West Vickery Blvd. Fort Worth 7, Texas 
Sales-Engineering Offices: 
VALLEY STREAM, L. I.: 108 So. Franklin, LO 1-9220 © DAYTON, OHIO: 209 Commercial Bidg., MI 4563 © COMPTON, CAL.: 105 N, Bradfield St., NE 6-8970 
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Well blended! Rockets are 


meticulous drinkers, They like-their liquids mixe 

in precise proportions. That’s why in missile and 
rocket ground testing and airborne telemetering, 
Potter Electroni¢ Flowmetering Systems have become 
standard equipment. POTTERMETER | 

is the only flowmeter which features 

the hydraulically positioned, bearinglese rotor. 


For more than 15 years; POTTERMETERS 
have been successfully used for precision 

measurement of continuous and pulsating 
fow of finids from to 1000°F 
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of JET PROPULSION 


Jet Propusion, the Journal of the American Rocket Society, is 
devoted to the advancement of the field of jet propulsion through the 
publication of original papers disclosing new knowledge and new de- 
velopments. The term “jet propulsion” as used herein is understood 
to embrace all engines that develop thrust by rearward discharge of a 
jet through a nozzle or duct; and thus it includes systems utilizing 
atmospheric air and underwater systems, as well as rocket engines. 
Jet PROPULSION is open to contributions, either fundamental or ap- 
plied, dealing with specialized aspects of jet and rocket propulsion, 
such as fuels and propellants, combustion, heat transfer, high tem- 
perature materials, mechanical design analyses, flight mechanics of 
jet-propelled vehicles, astronautics, and so forth. Jet PrRopuLsion 
endeavors, also, to keep its subscribers informed of the affairs of the 
Society and of outstanding events in the rocket and jet propulsion 
field. 


Limitation of Responsibility 


Statements and opinions expressed in Jet PROPULSION are to be 
understood as the individual expressions of the authors and do not 
necessarily reflect the views of the Editors or the Society. 


Subscription Rates 


One year for members (twelve monthly issues)........... $6.25 
One year for nonmembers (twelve monthly issues)....... . $12.50 

Foreign countries, additional postage............... add .50 


Change of Address 


Notices of change of address should be sent to the Secretary of the 
Society at least 30 days prior to the date of publication. ar, 


Manuscripts must be double spaced on one side of paper only with 
wide margins to allow for instructions to printer. Submit two copies: 
original and first carbon. Include a 100—200 word abstract of paper. 
The title of the paper should be brief to simplify indexing. The 
author’s name should be given without title, degree, or honor. A 
footnote on the first page should indicate the author’s position and 
affiliation. Include only essential illustrations, tables, and mathe- 
matics. References should be grouped at the end of the manuscript; 
footnotes are reserved for comments on the text. Use American 
Standard symbols and abbreviations published by the American 
Standards Association. Greek letters should be identified clearly for 
the printer. References should be given as follows: For Journal 
Articles: Authors, Title, Journal, Volume, Year, Page Numbers. 
For Books: Author, Title, Publisher, City, Edition, Year, Page 
Numbers. Line drawings must be made with India ink on white 
paper or tracing cloth. Lettering on drawings should be large 
enough to permit reduction to standard one-column width, except 
for unusually complex drawings where such reduction would be pro- 
hibitive. Photographs should be clear, glossy prints. Legends must 
accompany each illustration submitted and should be listed in order 
on a separate sheet of paper. _ a 


Information for Authors 


Preparation of Manuscripts 


Manuscripts must be accompanied by written assurance as to 
security clearance in the event the subject matter of the manuscript 
is considered to lie in a classified area. Alternatively, written assur- 
ance that clearance is unnecessary should be submitted. Full respon- 
sibility for obtaining authoritative clearance rests with the author. 


Submission of Manuscripts 


Manuscripts should be submitted in duplicate to the Technical 
Editor, Martin Summerfield, Professor of Aeronautical Engineering, 
Princeton University, Princeton, N. J. 


Manuscripts Presented at ARS Meetings 


A manuscript submitted to the ARS Program Chairman and 
accepted for presentation at a national meeting will automatically 
be referred to the Editors for consideration for publication in Jet 
PROPULSION, unless a contrary request is made by the author. - 


To Order Reprints 


Prices for reprints will be sent to the author with the galley proof, 
and orders should accompany the corrected galley when it is returned 
to the Assistant Editor. 
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but every day, 
y day 
throughout the industry, 


E. B. Wiggins Oil Tool Company, Inc. 
3424 East Olympic Blvd., Los Angeles 23, Calif. 
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NEw DEPARTURE BALL BEARINGS 


“pam BALL BEARING EXPERIENCE 
AND THE MOST ADVANCED 
«2 METHODS IN THE INDUSTRY TODA 


+ NEW DEPARTURE 
PRODUCES A COMPLETE LINE OF 
ULTRA-FINE SMALL BEARINGS FOR 

YOUR PRECISION INSTRUMENT 
REQUIREMENTS 


Catalog on Request 


NEW DEPARTURE—World's Foremost Producer of Fine Ball Bearings 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 
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Fifteen miles from Redlands, California, in 8000 mountainous acres once charted as part 
of a vast Spanish land grant, Grand Central Rocket Co. has set up a new rocket 


This section of California has a colorful and romantic past. Nearby are graceful Pied #3 
missions built by the Spanish padres nearly two eon years ago. Among the ite 
mountains are deserted mines and “ghost towns” recalling the era of the gold rush. 2 yee 
The test site itself has yielded the remains of an Indian settlement. This is the land = 


that knew such men as Kit Carson and John C. Frémont. 


Great men of the past depended on vision, daring, and leadership to accomplish their 
goals. Grand Central is using these same principles in the greatest adventure of our 
time — the conquest of outer space. 


Minutes away, fertile valleys with prospering towns and cities beckon to the science 
adventurer of today. To investigate your career potential in healthful and friendly inland 
Southern California, contact the Personnel Manager. 

Inquiries held confidential. 


Grand Central 
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PISTON TYPE 
HYDRAULIC PUMPS 


3000 psi... CONSTANT DISPLACEMENT 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


fAERO HYDRAULICS DIVISION 
ADMINISTRATIVE and ENGINEERING CENTER 
DEPARTMENT 1438 © DETROIT 32, MICH. 


These new miniaturized hydraulic pumps were developed by 


Application Engineering and Service Offices: El Segundo, California, Vickers for limit li H H issile and ram ai 
2160 E. Imperial Highway « Detroit 32, 14° 1400 — c ° ed ife applications such as missile air 
Bivd. (Service Only) Arlington, Texas, P Box 213 Wash- 
ngton 5, D.C., 624-7, Wyalt Bldg. » Additional Service facilities ot: turbine driven hydraulic systems .. . also for motorpump assemblies 
Miami Springs, Florida, 641 De Soto Drive ee 2 
lying emer 

ELEGRAMS: Vickers WUX Detroit » TELETYPE “ROY” 1149 upplying emergency power on aircraft 

CABLE: Videt . . . 
OVERSEAS REPRESENTATIVE: The Sperry Gyroscope Co., Ltd.— A distinctive feature is adaptability to manifolding and special 


Great West Road, Brentford, Middx., England 


mounting. This permits integration with the balance of a “packaged” 
hydraulic system to provide hydraulic power in the most compact and 


Engii d Build f Oil Hydraulic Equipment 
1921 lightweight form yet devised. Some sizes are capable of delivering 


more than five horsepower per pound of weight. 


Pa ” Available in four size series, this miniaturized pump has the same 
basic characteristics as the standard Vickers piston type pump sd 
ump has 4. Pp : 
output @ 3000 psi 


and 12,000 rpm. 
Weight 0.9 Ib. Engineer for further information. 


which has been establishing outstanding performance records on 
aircraft since 1940. Ask nearest Vickers Aircraft Application 


Write for new Bulletin A-5216 


Actual Size 


A Nha expansion program now ti in its satel stages means large opportunities for additional engineers at Vickers. Write for meme 
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_ Where do you belong in IBM Military Products? | 


io Systems Design Engineer: Before his recent promotion, this man formu- Test Equipment Engineer: Also promoted recently, this man formerly 
_ lated advanced concepts of configuration, capabilities, and opera- developed test sets of advanced design, requiring precision electronic , 
7 tional features, and coordinated the design of radar, computer and measuring circuits and mechanisms meeting military specifications. 
+ inertial equipments for optimum integration as a system. Engineers He started with specification requirements and carried designs through 
interested in military systems, computers or servo applications will model testing by electronic and mechanical engineers. This activity 
. find opportunities in error analysis, ballistics, reliability, and electro- includes application of servo-mechanisms, packaging of precision com- 
nr mechanical, servo and equipment interconnection design. Could you ponents, and liaison with sub-contractors in many fields. Could you 
ie wy handle his responsibilities ? handle his responsibilities ? 
Challengi jobs are now open 
Organized only 22 months ago, IBM Military Products automation and nucleonics in growth potential. Sales at 
Division has grown enormously, opening up opportuni- IBM, the recognized leader in the field, have doubled, 
ties to engineers and scientists in all these fields: on the average, every five years since 1930. Engineering 


laboratory personnel quintupled in the past five years. 


Circuit Development Mechanical Design Future expansion plans offer even better opportunities. 
© Components _@ Optics As a member of IBM Military Products, you enjoy the 
© Cost Estimating e Physics stability and security of the IBM Corporation, plus the 


e Digital and Analog Systems e Power Supplies 
Electronic Packaging e Programming 
Reliability 


Servo-mechanisms 


opportunity to progress in any other IBM division. Pro- 
motions open up frequently from continuous growth. 
The “small group” approach assures recognition of in- 
dividual merit. Salaries are excellent and company bene- 
fits set standards for industry. 


.@ Electronics 


e Field Engineering 
e Heat Transfer e Systems Planning 
e Human Engineering and Analysis 


e Inertial Guidance Technical Publications 


Installation Test Equipment the facts about an engineering career 
a rs, with IBM Military Products Division, 


: lease write to: Pee 
At the new plant and laboratory in Owego, N. Y., IBM P 


designs and manufactures advanced airborne analog 
and digital computers for Air Force bombing-naviga- 
tional equipment. At the new Kingston, N. Y., facilities, 
IBM builds the world’s largest electronic computers for 


e Mathematics Transistors 


Mgr. of Engineering Recruitment, Dept. 4506 
International Business Machines Corp. 
590 Madison Avenue, New York 22, N. Y. 


’ Project SAGE, part of our nation’s giant defense net. 

‘ The electronic computer field offers one of the best MILITARY 
ground-floor career opportunities today. Economic ex- PRODUCTS 
perts rank the electronic computer in importance with 


DATA PROCESSING e ELECTRIC TYPEWRITERS ¢ MILITARY PRODUCTS 
SPECIAL ENGINEERING PRODUCTS « TIME EQUIPMENT. 


Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie, N. Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Callf- 
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GUIDED MISSILE DIVISION 


RESEARCH* DEVELOPMENT* MANUFACTURE 


“Find your Future at Firestone’’— Los Angeles + Monterey 


WRITE: SCIENTIFIC STAFF DIRECTOR, LOS ANGELES 54, CALIF. 


are you 
killing | 
that still, 
small 
voice? 


When that voice prods your 
professional ego with, “You can 
do bigger and better things!,” do 

you smother it with a wet blanket 

of doubt? - 


And when that same voice whispers 
to you of a gentle climate where 
the snow is yours just for the asking 
and sunshine is always yours for 
the basking, do you clobber it with e 
the sledge hammer of self-denial? 


Don’t kill that voice! Its wisdom 
could lead you to those bigger 
things, that better life. If you’ve a 
mind that can matter in the guided 
missile field, you’ll find the challenge 
and the excitement you seek at 
Firestone’s new Engineering Lab in 
idyllic Monterey — Carmel-by -the- 
Sea...or in Los Angeles with the 
company’s development program 
for the Army’s Corporal. 


Here are just a few of the <r 
opportunities for ME’s: 


Aeronautics 
Structures Air Frame 
Stress Analysis 
Machine Design 
Materials & Process 


Next time you hear that still, re 
small voice, don’t reach for your a 
shotgun. Reach for your pen. 7 eae 
Write—right now! Let that still, 
small voice guide you to big 
accomplishment for you, big 
happiness for your family! 


Firestone 
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Model GLH 


A rugged magnetically damped in- 
strument with low natural frequen- 
cies for low range. h-quantity 
production assures pa price and 
delivery schedules. Available in 
ranges from +1 G to +80 G. 


Model GMO 


A rugged, miniature, viscous-damped 
instrument with ranges from +2 G to 
+30 G. Unbalanced-range instru- 
ments also available. Medium high 
natural frequencies. 


Mode! DDL 


Magnetically damped low-range in- 
strument available in ranges from +1 
G to +80 G. Ultra-sensitive models 
supplied as low as +0.1 G. Certified 
to MIL-E-5400 and MIL-E-5272A. 
Especially good in severe shock and 
vibration applications. An accelera- 
tion-sensitive switch version of the 
DDL is designated as the Model DDS. 


Basically a Model GMO with internal 
thermostat-operated heater, assuring 
maximum environmental stability 
within the instrument. Damping re- 
mains constant with change in ambient 
temperature. 


Model GAL 


Incorporates a variable transformer 
a-c output with the magnetically 
damped sensory mechanism of the 
owe Models DDL and GLH. 
rior reliability, life, resolution, 
i sensitivity. Available in ranges 
from +1 G to +380 G. Range as low 
as +0.1 G also obtainable. 


Model GDM 


Miniature double-potentiometer in- 
strument capable of at lateral 
acceleration in two mutually perpen- 
dicular planes (e.g., pitch and yaw). 
Ideally suited for missile and ‘high. 
speed aircraft flight control systems. 


ews GENISCO ACCELEROMETERS NOW 


CASES GOLD PLATED INSIDE AND OUT—This new tren 
in instrument plating has two important advantag 
over tin plating or fusing. Being. the least active meta 
gold prevents the formation of crystalline “whisker 
inside the case which could reduce performance an 
even cause malfunction. Gold plating also assures pos 
tive protection against corrosion to the exterior of the 
case and, because of its excellent solderability, makes 


2233 Federal Avenue 


possible a more reliable hermetic seal. The new gold 
: Los Angeles 64, California 


plating is available on all models at no extra cost. 


Descriptive data sheets available on all models. 
Please send request on company letterhead. 
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N on-Middlen neanings of 

“Knowledge of the Universe, ”* say these artist-scientists, “is. not a matter of man’s sight, La 
but of his imagination’ 8 vision. = eyes show us Cygnus. But creations of our genius, 

such as the radi pe, reveal plored, sources of energy that man 

may someday master. They lie amidst and even beyond those mysterious, drifting clouds of — 

cosmic matter, lit by the stars they do not obscure.”’ Painting courtesy John Heller Gallery Inc. 


You'll: find an interesting at Boeing 


Boeing engineers and scientists are concerned to join them. Boeing needs engineers of ALL cate- 
with all phases of flight, including the problems of gories, as well as physicists and mathematicians, 
outer space. If you like to work in advanced areas for assignments in many fields-of-the-future, in- 
of exploration, you'll be right at home at Boeing. cluding advanced supersonic flight, electronic and 
Here engineers and scientists are busy on such inertial guidance, chemical fuel propulsion and 
projects of unusual interest as determining the guided missile weapons systems. 
performance of solar cells in flight environments . 11> 1 
encountered at altitudes up to 200,000 feet. You can begin an interesting long-range 7 
At Boeing, you'll work with men whose vision and dropping a note now to: John C. Sanders, Engineer- he 
extraordinary competence have helped open new ing Personnel Administrator, Boeing Airplane Com- a 
eras of civil and military aviation. They invite you pany, ee P-64, Seattle a, Washington. . 
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MODEL 111 BLOWER 
speed, lightweight, small 
For’ missile applications. 


High 
size. 


MODEL 119 
ALTERNATOR COOLER 

Shut-off Valve. Pneumatically-actu 
ated, open-closed, butterfly type. 


MODEL 100 BLOWER 
For aircraft applications. High 
peed, high pressure rise. 
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PROPULSION RESEARCH CORPORATION 


ACCESSORY MANUFACTURING and TEST DEPT. 


TURBINES 


accessories...specify 


Successful engineering demands the highest order 
of creative thinking, tempered by a finely-tuned 
sense of responsibility. At Propulsion Research 
Corporation you'll find such engineering to an 
exceptional degree, always balanced by a deep 
understanding and appreciation of your problems. 
This blending of skill, purpose and understanding 
- enables PRC to create accessories which set new 
standards of performance and efficiency for both 
aircraft and missiles. And in addition to providing 
a fully-engineered accessory to your specific needs, 
_ PRC has the integrated production facilities to 
_ produce your accessory efficiently, accurately and 
- economically. You’re invited to utilize the ex- 
 ceptional talent and experience of PRC — you 
need only call in our accessories ates eT 
be glad to work with you. eds ar’ 
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CURTISS-WRIGHT 


CORPORATION + SANTA MONICA, CALIFORNIA 
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helping guide the NIKE 


To intercept and destroy, Nike flies 
higher and faster than any aircraft. The 
electronic brain of the Nike outman- 
ouvers the fastest fighter. To keep the 
Western Electric Control Unit thinking 
clearly, an Eastern Pressurization Unit 
and Aircraft Pumps control the operating 
pressures of the electronic systems. 

Nike is the first missile to enter full 
combat-ready service. As others are de- 
veloped to fly higher, faster, and deadlier, 
Eastern accepts the critical task of help- 
ing to break through the barrier of the 
unknown and untried. With creative engi- 
neering and the facilities to test and to 
manufacture new-idea equipment without 
delay, Eastern serves those who put the 
‘sting in national air defense. 

When your design-application calls for 
the control of temperature or pressure 


in electronic installations, Eastern liquid- 
cooling units and pressurization equip- 
ment can help you meet government 
requirements. 

Eastern hydraulic power units are 
extremely compact and provide ex- 
tremely accurate control under severe 
operating conditions in servos and similar 
applications. 

Eastern solicits inquiries involving your 
projects. We offer our creative engineer- 
ing service for new designs, as well as 
an extensive line of existing units and 
adaptations. 


Aviation Catalog 340, 


INDUSTRIES, INC. 


100 Skiff St., Hamden, Conn. 


on request. 
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THE CURTAIN OF FIRE Air protection for whole cities and strategic areas is no longer in the 
“talking” stage. It is now being installed—a combination of the deadly fire of NIKE anti-aircraft weapon batteries 
and the U.S. Army Signal Corps’ new Martin MISSILE MASTER. As the country’s first electronic system designed 
to provide an integrated screen of radar surveillance, target detection and fire coordination, MISSILE MASTER 
makes possible peak effectiveness of anti-aircraft missile battery operation. A measure of the critical importance of 
MISSILE MASTER is the fact that the system already has been designated for a number of our most vital civilian 


and military areas. It is one of the most significant defense developments of our time. 
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uring the nineteenth century, the mechanics of fluids branched 
off the main stem of physical science. Physics concentrated on the 
elaboration of the structure of molecules and their components; 
the development of fluid mechanics was guided by the need for 
understanding the macroscopic phenomena associated with ships, 
turbines, airplanes, etc. The separation between these disciplines 
has been reflected in the organization of university departments 
for several generations, so that there is little contact between 
physics and fluid mechanics departments. This lack of contact 
has | een reflected in our scientific graduates who typically have 
been trained in one or the other of these disciplines, but almost 
never in both. 


Very suddenly, however, the country faced an important problem 
when we had to meet the challenge of rapidly creating an operable 
intercontinental ballistic missile. The re-entry of this missile into 
the earth’s atmosphere was regarded as a very difficult problem; 
largely because here, for the first time, we faced a scientific prob- 
lem involving the mechanics of a fluid closely coupled with im- 
portant aspects of molecular physics. The Avco Research Lab- 
oratory was created to fill this need. Its senior scientific personnel 
were trained in classical aerodynamics, atomic physics, and 
physical chemistry, and saw in this interdisciplinary area a unique 
opportunity to broaden their background and to make creative 
contributions in a field in which the great advances are still to 


Dr. Arthur Kantrowitz 


be made. 


The laboratory has been successful in supplying vital information 
which only a year ago was generally held to be obtainable only 
in costly and time-consuming flight experiments. Our research 
success has resulted in a large development responsibility being 
entrusted to this company. 


The interdisciplinary strength we have acquired will enable us to 


play a major role in such problems as the re-entry of manned pictured above is our new Research Center now under construc- 
vehicles into the atmosphere from satellite orbits, in the creation tion in Wilmington, Massachusetts. Scheduled for completion 
in early 1958, this ultra-modern laboratory will house the scien- 
tific and technical staff of the Avco Research and Advanced 
Development Division. 


of a thermonuclear reactor, and in other fields involving the 
dynamics of high temperature gases. 7 


The Avco Research Laboratory at Everett, a unit of A.R.A.D., has 


-. a few openings for leading scientists who can help us expand our 
A) capabilities in: 
Theoretical, Experimental and Solid State Physics 
Physical Chemistry— Aerodynamics—Physical Electronics 


There are other career opportunities for exceptionally qualified 


ie Dr. Arthur Kantrowitz, Director scientists and engineers in the Development Laboratory at Lawrence 
Bets AVCO RESEARCH LABORATORY and the Electronics Laboratory at Boston, in such fields as: 
a unit of the 
Science: 
Physics —Mathematics—Metaliurgy— Thermodynamics— Aerodynamics 
avco research and 
ngineering: 
advanced d eve l opment Aeronautical— Chemical—Electrical—Mechanical 
ivision 


Write to Dr. R. W. Johnston, Scientific and Technical Relations, 
Avco Research and Advanced Development Division, 


20 South Union Street, Lawrence, Massachusetts. 
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“4 ‘Guided” valves 


for guided missiles! 


high-pressure line valves with 
5 choices of actuation ! 


Now you can “guide” the operation of these valves with 

5 different actuation systems-—solenoid, pneumatic-hydraulic, 
manual, explosive or shuttle! A truly complete line 

of high-pressure line valves. 


Here at Clary, our years of experience in manufacturing 
guided missile components — gyroscopes, servo-actuators, 
propellant valves, telemetering transducers — now enable 
us to bring you these high-pressure line valves built 

with the same precision. Our extensive inspection and 
quality control guarantee the maximum reliability 
required of missile components. 


When precision, reliability and versatility are oe 
factors in your plans, please call on Clary i" 
for complete services, including: 


DESIGNING AND TESTING to established 
specifications and envelope drawings. 


PRODUCTION-ENGINEERING of components 
and complete assemblies covered by your 
prototype, sketches or drawings. 


MANUFACTURING of precision components 
to established drawings and specifications. 


AUTOMATIC CONTROLS 
DIVISION 


, Clary Corporation, Dept. J67, 
San + Gabriel, California 


(Shown from top to bottom) 


SOLENOID 


Hermetically sealed coil 
18-30 volts D.C. 
Low current consumption 


PNEUMATIC-HYDRAULIC 
3000 psi operating pressure 


Zero leakage 
ring seals 


MANUAL 
Miniaturized toggle action 
On-off control 
Fixed flow 


EXPLOSIVE 
Positive on-off action 
Trigger release 
Protected seat 


SHUTTLE 
Repetitive reliability 
Ideal for final check-out 
system 
Non-interflow 
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Reliability Concepts in Rocket Power Controls Design 


> a. 


The principal power control problems in a liquid propel- 
lant rocket are propellant ignition, regulation during the 
thrust increase to rated thrust, malfunction detection dur- 
ing the starting transient, thrust control (if required), and 
mixture ratio or propellant-utilization control. The de- 
sign of a rocket power control system must be considered 
an inseparable part of the general engine system design 
if an optimum control system is to result. Maximum 
engine reliability can be achieved only by a control system 
having functional simplicity as a result of real compati- 
bility of the major engine components and the use of all 
inherent self-controlling elements in the system. The 
elimination of “‘service”’ systems, whether electrical, pneu- 
matic, or hydraulic, in favor of direct actuation and se- 
quencing from basic engine parameters is recommended 
as an approach to basic reliability. Other approaches to 
reliability through simplicity are the use of mechanical 
interconnection of valves for actuation, thermal isolation 
to avoid heater elements, and, in the case of missile en- 
gines, the location of malfunction and sequence monitor- 


ing equipment in the ground control console rather than 


Introduction 


HIGH degree of propulsion system reliability for missile 

use is exceeded in importance only by the basic require- 
ment for an efficient basic engine design. These goals can be 
reached by designs achieving maximum compatibility of 
major engine components, simplicity, and functional re- 
dundancy of the control system. A liquid propellant rocket 
is a relatively complex hydromechanical and thermochemical 
power plant. Accordingly, the design goal is to seek control 
systems whose reliability derives from reduced numbers of 
operating components and the extensive use of simple me- 
chanical hydraulic controls. 

The basic types of liquid propellant rockets may be classi- 
fied by propellant constituents used (i.e., monopropellant, 
bipropellant, ete.), the type of propellant pressurization sys- 
tem, and the propellant reactivity or ignition problem of a 
particular bipropellant system. A propellant system is said 
to be auto-ignitable if the fuel and oxidizer combinations 
react sufficiently rapidly to self-ignite themselves with an 
acceptably short ignition delay. Only a few of the currently 
used fuel and oxidizer combinations are auto-ignitable. 
Because of logistic problems, the auto-ignitable fuels are not 
generally used. In some cases, these fuels are used in small 
quantities as an additive or starting fluid, but the currently 
used propellant combinations are usually not auto-ignitable. 


the engine. 


Presented at the ARS 11th Annual Meeting, New York, N. Y., 
Nov. 26-29, 1956. 
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The engines whose control problems are discussed herein will 
be the bipropellant types, since this field is of prime current 
interest. 

A simple re-operative, bipropellant rocket engine having a 
gas-pressurized propellant-feed system is shown in Fig. 1. 
Regulation of this type of unit is generally confined to trans- 
ient start regulation based on a timed opening of the propellant 
control valve. The thrust level is established by the pressur- 


ization regulator setting. 


AIR FILTER 


ACCUMULATOR 


CHECK VALVE 


f RESTRICTOR 
PROPELLANT CONTROL | 
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Fig. 1 Simple re-operative bipropellant system ‘ 

A turborocket system generally similar to that of the V-2 is 
shown in Fig. 2. Thrust regulation for this system consisted 
of a constant flow regulation device in the monopropellant — 
flow line to the gas generator (hydrogen peroxide as illus- — 
trated here). 

A typical regenerative turborocket system is shown in | 
Fig. 3. This type unit may have the turbopump started by _ 
an auxiliary cold gas supply to the turbine nozzle followed by — 
ignition and “bootstrapping” to full thrust. 


Some of the propellants for well-known bipropellant sys- 


tems are given in Table 1. Typical performance values for | 
some combinations of these propellants are given in Table 2. 
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Fig. 2 Turborocket system (gas turbine operated by hydrogen 
peroxide) 


F Currently, the propellant systems receiving most serious 
consideration for large missiles and aircraft super-perform- 


ance power plants are the hydrozarbon fuels and liquid oxy- 
gen or white fuming nitric acid. a 


Principal Power Control Problems 


There are several major control requirements in a rocket 
engine power plant which vary in significance depending on 
the specific propellant system adopted, the type of pro- 
pellant pressurization employed, and the application in- 
tended. Since the relative importance of these require- 
ments may not be evident to all, a brief discussion of each is 
believed pertinent to this paper. 

The most critical problem on any liquid propellant rocket 
is the control of ignition and combustion malfunctions during 
the starting transient. Starting reliabilities are typically as 
low as 0.60 for a rocket with a running reliability of 0.95 to 
1.00. A rocket propellant system inherently handles ex- 
tremely high energy densities using a liquid oxidizer rather 
than air. Consequently, the propellant-mass flow rates are 
astronomical compared to the fuel flow rates of air-consuming 
engines. The high power density in the combustion cham- 
bers makes the establishment of stable combustion and pro- 
tection against unburned propellant accumulation in these 
chambers an absolute necessity to safety in piloted aircraft 
and to reliability in missile propulsion systems. The basic 
work to establish safety requirements and apply workable con- 
trols to current engines has been in progress for some time at 
Aerojet-General Corp. The necessity for physical and func- 
tional integration of the malfunction-monitoring features 
with the propellant injection and flow control means of the 
combustion chamber was emphasized as a result of this work. 
In addition, both rapid response speed and reproducibility of 
operation are necessary to effective control. 

Ignition reliability is most readily achieved by the use of 


a multiplicity of ignition heat sources—several solid pro- 
pellant igniters, a separate auto-ignitable propellant supply, 
or a generous-capacity spark source. In most engines, this 
can be readily achieved. However, direct monitoring of the 
igniter performance is essential to avoid dangerous — pro- 
pellant accumulation in the thrust chamber coincident with 
possible auto-ignition. 

— Transient start sequencing requirements may be handled 
as a function of time or as a function of turbopump speed or 
propellant pump discharge pressures. Use of the latter two 
parameters for sequencing is a logical approach since it in- 
herently monitors some types of malfunction. Other types 
of malfunctions, such as flameouts and combustien instability, 
must be monitored independently. 

Current combustion-malfunction control designs for air- 
craft rockets are based on the hydromechanical feedback of 
pressures. The instantaneous behavior of the combustion 
process directly actuates an injector propellant controller. 
Thus all unnecessary delays are eliminated. In this way, 
the initial ignition process as well as the subsequent transient 
combustion conditions may be continuously monitored. 
With missile rocket power plants the malfunction-monitoring 
device is preferably located in the launcher control console 
to reduce engine complexity and weight. 

The control of thrust is the next most important control 
problem. As contrasted to the high frequency response re- 
quirements of the malfunction-control system, the thrust 
control system must be limited in frequency response to about 
10 eps or less. The purpose is to prevent spurious pressure. 
transients from initiating regenerative engine-pressure os- 
cillations. The control accuracy requirements are again a 
function of application; most ATO and super-performance 
installations would not require a high degree of thrust re- 
peatability—perhaps not better than +5 per cent for a fixed- 
thrust rocket or for the limits of a variable thrust rocket. 
However, some missile applications require accurate thrust 
level control and accurate thrust cutoff reproducibility be- 
cause of the guidance systems adopted. Accordingly, the 
system and feedback source adopted will vary with the engine 
system and must be specifically tailored to it. 

Several feedback sources have been considered but only a 
few have been utilized in actual rocket designs. These are 
direct thrust, chamber pressure, one or both of the propellant 
feed pressures, and turbopump rotative speed. Direct-thrust 
measurements require the use of complex thrust chamber 
mounting structures and thrust transducer; these are usually 
unjustifiably heavy. Chamber pressure is a desirable selec- 
tion but requires high temperature gas source connections 
and does not inherently provide starting-transient regulation. 
Fuel or oxidizer feed pressure feedback provides a reasonable 
through indirect measurement of chamber pressure and, in 
addition, usually provides for the starting-transient regula- 
tion. Turbopump speed is useful only as a secondary feed- 
back for applications requiring power equalization between 
several rocket engines or their separate pumping plants 
Accordingly, one of the first three primary feedback source : 
would be selected to suit the intended application. 

Large volumes of high pressure fuel are often available for 
use as a control-system actuation fluid; this power source has 
been seriously considered in recent designs. Required actu- 


Table 1 Rocket propellants of current interest | 


Fuels 
JP-4 (jet fuel) 
RP-1 (kerosene) 


Ammonia 


Oxidizers 
WENA (white fuming nitric acid) 
RFNA (red fuming nitric acid) 
RFNA with additives for corrosion 
inhibition 
Hydrazine liquid oxygen | 


Liquid hydrogen liquid fluorine 
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- 
Table 2 Performance of selected bipropellant rocket systems 
Fuel Onxidizer MR W.2/Wy P.., assumed Reference! 
GPa WENA 4.7 299 300 (1) 
RFNA 
LOX 2.3 287 650 (2) 
RP-1 LOX 2.3 286 650 
Hydrazine WENA 1.22 246 300 « 
i RFNA 1.56 245 300 (4). 
‘f LOX 1.0 268 300 (2) 
LF 2.16 294 300 (3) 
Ammonia WENA 3.0 232 300 (5) 
14 260 300 (2) 
LF1 3:35 311 300 (6) 
Liquid 
hydrogen LOX 3.6 348 300 7 (4) 
Ozone 2.4 386 300 (3). 

! Data obtained from the following sources: (1) ‘Rocket Data for Rocket Engines,” Bell Aircraft Corp., Jan., 1954. (2) Unpublished 
calculations by Aerojet-General Corp. personnel. (3) Project Rand, ‘‘A Compilation of Computed Specific Impulse Values,’? RA-15049, 
Douglas Aircraft Co., Inc., 1947 (confidential). (4) A. L. Lemmon, ‘‘Fuel Systems for Jet Propulsion,’’ OSRD, 1945 (confidential). (5) 
Aerojet Report RTM-58, “Thermochemical Calculations on the WFNA and JP-3 Propellant Combination,” April 5, 1950 (confidential). 
(6) Morrell, V. E., ‘“‘Effect of Combustion Chamber Pressure and Nozzle Expansion Ratio on Theoretical Performance of Several Rocket 
Propellant Systems,’”” NACA RM, RM E50c30, May 25, 1950 (confidential). 


ation power levels are usually high because of the need for 
large propellant throttling valves operating at high pressure 
and high speeds. In addition, electrical power requirements 
for control purposes must be kept at a minimum for most 
rocket applications. The use of high pressure air or gases 
for actuation, purge, or regulation purposes is minimized to 
climinate the pressure regulation systems required or to mini- 
mize the size of the high pressure storage vessels. 

The control of propellant mixture ratio has been accom- 
plished by the calibration of the engine hydraulic systems and 
empirical adjustment of system resistances to correct for pro- 
duction tolerances. This simple means can be used to limit 
mixture ratio variations to within the limits of thrust chamber 
tolerance for most current designs. The alternative of 
metered mixture ratio control is not consistent with engine 
simplicity and is not actually necessary. 

For ATO and super-performance applications, fuel is 
usually taken from the main aircraft fuel system, and neither 
thrust nor duration are critical. Accordingly, a metered 
mixture ratio control in these applications does not appear to 
be warranted. 

For missile applications, mixture ratio control is intended 
to assure maximum total impulse by assuring the simul- 
taneous exhaustion of both propellant constituents. Since 
variations in actual propellant tankage will occur due to 
production and propellant servicing tolerances, the use of a 
constant mixture ratio control would be unsuitable. Rather, 
2 mixture ratio trim device based on a tank level ratio meas- 
urement is required to adjust the operating ratio and thus 
effect the simultaneous exhaustion of propellant supplies. 

The development of shutdown reproducibility (i.e., con- 
sistency) of total impulse supplied after command shutdown 
signal is frequently required. This requires a contro] system 
with minimum sequential operations and with maximum 
repeatability response in the principal components. This 
reliability must be achieved without developing excessive 
line pressures resulting from water hammer in the propellant 
system. 


Inherent Reliability in Controls Design 


The most reliable engine system must contain the fewest 
possible operating elements; these components must. indi- 
vidually have been developed to their highest state of indi- 
vidual reliability. Such an engine could be said to have 
“inherent” reliability. Unfortunately, this goal is elusive 
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because contractual requirements for meeting a schedule are 
usualiy overriding considerations. Thus, a basic incompati- 
bility in system elements or a newly discovered control re- 
quirement is frequently solved by the introduction of addi- 
tional control functions or devices. A basically more un- 
reliable engine system will result and no practical degree of 
individual component reliability can fully overcome this. 
However, the reliability of the individual control components 
isa most important consideration. 

Because of the very large investment of time and funds 
represented by the initial rocket engine hardware and the high 
cost of conducting rocket test firings, it is essential that the 
functional requirements for the power control system elements 
be accurately predetermined mathematically and that the 
experimental parts be bench-tested and adjusted prior to the 
rocket firing test. Analog and digital computers have been 
shown to be of great value in facilitating the development of 
rocket controls, particularly those for regenerative rocket 
systems. They are standard design tools at Aerojet-General 
and have been used to establish the following: 


Major component design criteria for compatibility and 
controllability. 

Basic system stability criteria. 

Starting transient performance of “bootstrapping” systems. 

Transient hydrodynamics of engine propellant systems. 

Performance error bands due to operational tolerances. 

The detail functional design requirements for control 
components. 


Thus, the optimum system parameters and the control 
parameters for a specific application may be predetermined. 
The optimum controller gains may be established and the 
controls bench-adjusted so that firing tests are initially ac- 
ceptable and need not be used to adjust the power controls 
empirically. 

The basic control design policies in use at Aerojet-General 
can be summarized as follows: 


Direct Mechanical Coupling of Devices of Similar Function : 


This is applicable to the pump drive assembly, the thrust 
chamber propellant control valves, and the gas generator 
propellant control valves. A system so designed has inherent 
mixture ratio regulation without complicated controls. Most — 
rocket pump-drive assemblies today are built with both the — 
fuel and oxidizer pump driven directly from a single turbine. 
However, mechanical interconnection of propellant-control 
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ACCUMULATOR 


RESTRICTOR 


PROPELLANT 
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valves to utilize a single actuator and pilot valve is some- 
what less universal. 
Elimination of Auxiliary Control Power Systems 

Such systems generally use regulated nitrogen or helium 
pressure, regulated hydraulic pressure, electrical regulation 
and actuation, and sequencing power supply systems. All 
of these systems are really extraneous to the rocket engine 
system. The intent is to largely eliminate these auxiliary 
power systems with their attendant complexity by the maxi- 
mum use of the fuel-pressure system as a source of actuation 
fluid. Some weight penalty must be paid in the actuator 
size, but this is more than offset by the weight eliminated 
from the hydraulic accumulator or pneumatic pressure storage 
vessels thus replaced. 


Start Sequencing from System Parameters 
The starting sequence of a rocket engine can be designed 
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Fig. 4 Self-actuated missile turborocket system 


It is evident that all malfunction monitoring and sequence 
controls which could shut the engine down should be discon- 
nected after launching and therefore should be located in the 
launcher control system. In this category fall the ground 
ignition systems and starting propellant systems, ignition. 
speed and temperature-monitoring controls, and missile- 
release controls. In-flight controls are limited to corrective 
devices rather than shutdown controls and no automatic 
engine-malfunction shutdown provisions are made. Com- 
mand shutdown provisions are made for exclusive use of the 
automatic guidance and remote ground-command signal 
channels. 

A simple self-actuated control system is shown in Fig. 4 
for comparison with Fig. 3. The system shown uses a 
ground-supplied pneumatic pressure supply for accelerating 
the pump-drive assembly to a “bootstrap”? or regenerative 
pressure level. 


around a time base, or a propellant availability criterion. A 
basic system parameter must be used as an index; such an | 


Reliability Development and Demonstration 


index is propellant pressure or, for convenience, fuel-pump =| 
discharge pressure. The latter technique is attractive in 
that it eliminates the use of timers with arbitrary time bases. 
A timer-monitored start sequence may actually be incom- 
patible with engine operation over a wide range of environ- 
mental conditions. The pressure-sequencing method, with 
pump-drive assembly acceleration rate as the real time 
base, would at first seem to be quite variable. However, the 
system may be designed to utilize the portion of the starting 
transient where the turbopump torque-to-load (principally 
inertia) ratio is very reproducible from run to run as well as 
engine to engine. Accordingly, the reproducibility can be 
shown to be adequate for most applications. 


Relocation of all Engine Controls Possible in Launcher System 


With a missile engine, the desire is to ensure a full-duration 
engine run at all costs once the missile has been launched. 


Reliability development begins in the functional system 
design where a system with minimum complexity is con- 
ceived and developed in design to have a maximum number of 
redundant features without an unnecessary physical duplica- 
tion of functions. Next, the selection of optimum control 
means and the design of components with an ideal combina- 
tion of physical and functional integration must be com- 
pleted prior to actual hardware development. This design 
effort must be supported by intensive materials and applica- 
tions development if it is to be successful. ' 

Very thorough testing for functional performance of con- 
trol hardware under the extreme environmental conditions 
of vibration, temperature, and fluid exposure is necessary to 
achieve a suitable reliability level for a component. The 
early concept of a cheap, one-shot component for either an 
(Continued on page 643) 
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Fig.3  Turborocket system (gas turbine regeneratively operated) lat 
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The problem of programing the powered flight trajec- 
tory of an earth satellite to obtain maximum orbit altitude 
is investigated. For a point mass missile, moving in a 
uniform gravitational field with aerodynamic forces neg- 
lected, the optimum trajectory is obtained by making the 
tangent of the angle ¥ between the thrust vector and the 
horizontal a linear function of time. This result is valid 
ior arbitrary time dependence of thrust and mass, includ- 
ing the discontinuities corresponding to staging. More- 
over, if we replace orbit altitude by some other function 
of the burnout altitude and velocity vector, e.g., the alti- 
‘ude at perigee for an elliptical orbit, and look for a sta- 
tionary solution, we again obtain a linear time dependence 
‘or tan y. Explicit expressions for velocity and altitude 
with this type of thrust attitude program are given for 
the particular case of constant thrust and mass flow rate. 


Introduction 


ese actual choice of a powered flight trajectory for the 
forthcoming IGY satellite? will depend upon details of 
hooster design and upon the particular orbit selected, the 
latter being determined by instrumentation and data require- 
ments. Independent of these considerations, however, it is 
of interest to ask what type of trajectory will be optimal from 
the standpoint of missile efficiency. 

To begin with we must select some criterion of excellence for 
comparing trajectories. Whereas range is an obvious choice 
for surface to surface missiles, it is not clear what quantity 
will play a similar role for satellites. One important property 
of a satellite is its useful orbiting lifetime. Too low an orbit 
altitude will result in a rapid slowing down due to atmospheric 
drag and an undesirably short lifetime. This is not an im- 
portant consideration if the booster is sufficiently powerful, 
for at altitudes above about 300 miles the orbiting lifetime is 
measured in years and it is likely that the power supply life 
rather than the drag induced decay would be the determining 
factor. However, if the performance of the booster vehicle is 
marginal, orbit altitude will be of crucial importance and can 
serve as the desired criterion. 

The orbit ‘altitude’ is a well defined quantity only for 
circular orbits. In the case of elliptical orbits it is convenient 
to work with the distance of closest approach (d.c.a.), i.e., 
the altitude of the satellite at perigee. This is approximately 
correlated with the drag induced decay, since the major part 
of the slowing down will occur near perigee. The correlation 
is not exact, for of two orbits with equal d.c.a. the one with 
the greater eccentricity will have the longer life. However, 
the analysis described below would not be changed essentially 
if the d.c.a. were replaced by, say, the mean of the altitudes at 
perigee and apogee or by some other function of the altitude 
and vector velocity at the end of powered flight. For definite- 
ness, we shall adopt the d.c.a. as our criterion. 

Analytical results on trajectories can only be obtained by 
neglecting certain terms in the equations of motion, for if we 
include atmospheric effects, variaetions in the gravitional force 
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1 Member of the Technical Staff, Aeronautical Research Labo- 
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2See Newell, H. E., “Scientific Uses of an Artificial Earth 
Satellite,” Jet Propuusion, vol. 25, Dec. 1955, pp. 712-715. 
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field, etc., then solutions of the differential equations can only 
be obtained by numerical integration. It is rather gratifying 
to find that with a few, not unreasonable approximations we 
are led to a very simple result: The tangent of the thrust 
attitude angle should be a linear function of time. In the 
following section the derivation of this result and the method 
of determining the coefficients in the linear relation will be 
presented. We shall see that while this result is an approxi- 
mate one, it can be of practical value when correctly applied. 

Our approach will be to assume that the characteristics of 
the booster, i.e., its thrust and mass as functions of time, are 
specified. The problem is then to determine what powered 
flight trajectory will put the satellite into an orbit of maximum 
altitude. Many alternative formulations are possible, e.g., 
for given payload (i.e., orbiting weight) and orbit, find the 
trajectory which minimizes the take-off weight. Problems of 
this sort, however, require fairly detailed information about 
the booster—staging configuration, structural efficiencies, 
tankage factors, ete.—so that solutions of general validity can 
searcely be obtained. These difficulties are avoided when, 
as here, the properties of the missile are regarded as given. 

Trajectory Analysis 

Consider the problem of finding the powered flight tra- 
jectory which will result in maximum satellite orbit altitude 
for a missile whose thrust magnitude and mass are specified, 
albeit arbitrary,‘ functions of time, F(t) and M(t). We 
shall treat the missile as a point mass, the earth as a nonro- 
tating sphere, and to begin with shall neglect three things: 
(i) Aerodynamic effects—drag, lift, etc., (ii) the dependence 
of thrust on altitude, (iii) the variation of the magnitude and 
direction of gravity during powered flight. 

If the orbit is to be circular (elliptical orbits are discussed 
later) than at booster burnout the vertical component of 
velocity must be zero and the tangential component must have 
such a value that the centripetal and gravitational forces 
just balance 


Up = Usat = (gR.)'21 + y/R)~ "2, u, = 0.... [1] 


where (u,, u,) is the booster velocity at burnout, R, is the 
earth’s radius, y is the burnout altitude and g is the accelera- 
tion of gravity at the earth’s surface. For planar trajectories, 
the path is completely determined by specification of the 
thrust attitude angle (say with the horizontal) y(t). We then 
ask what function y (f) maximizes the altitude at burnout 
subject to the conditions [1]. For simplicity, we shall first 
assume Usa to have a given value, ignoring its dependence on 
altitude (which will anyhow be slight for altitudes small com- 
pared to the radius of the earth). Later we shall see that this 
dependence can easily be taken into account. 


’ The stationary character of this thrust attitude program for — 
circular orbits has also been demonstrated by Perkins, F. ond i 


“Flight Mechanics of Ascending Satellite Vehicles,’ JET Pro- 
PULSION, vol. 26, May 1956, pp. 352-358. ; 

4 The term “arbitrary function” is to be understood in a physi- 
cal rather than a mathematical sense, i.e., as a function which is 
arbitrary except for such restrictions of continuity, differentia- 
bility, positive definiteness, etc., as may be necessary to exclude 
situations which are clearly not sensible in view of the physical 
significance of the function. 
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If dy is the change in burnout altitude due to a change 
v(t) — Y(t) + dy(t), with similar definitions for du, and 
t,, then a necessary condition for y to be a maximum subject 


where the Lagrange multipliers 4, » are unknown constants. 


If 
is the instantaneous thrust to mass ratio, we have tA =! 
T 
u, = dt N cos y | 
= dt N sin — gT + [3] 
| 


y= f, dt(T — ON sin — 3g7? + P tu 

If Y(t) > Y(t) + dpi), 


where 7’ is the total burning time. 
then 


bu, = — dt N sin 


Similarly 


du, = f, dt N cos p dy 


dy = d(T — cos by 


Upon substituting these expressions into [2], we see that [2 
will be satisfied for arbitrary 6y(t) if and only if 


N((T —theosy —XAsiny + weos = 
for allt. Thus, when V # 0 we require 


Since \ and yw are anyhow unknown constants, we may sim- 
ply state our result in the form 


where a and b are constants which must be chosen to satisfy 


[1]. 
Although the result [6] is valid for arbitrary F(t) and MW, 


functions. In the particular case where F(t) and M(t) are 
(piecewise) constant functions, the expressions [3] for uw, 
and u, can be integrated in terms of elementary functions. 
The increments in u,, u, and y due to one stage of mass ratio 
r, exhaust velocity c and burning time t, when tan y is a 


linear function of time are 

Au, = cos 
oe 


— In + cos (Yo “Al 
1 + cos(y, — cos 


1+sin cos [7] 
1, tan +cln E + sin cos f 


sin (Yo — Yr) 


where yp is the initial value of y, y is the value at time ¢, and 
Vy is the value at time 


the explicit values of a and 6 will, of course, depend upon these 


M, and M being the initial mass and the mass flow rate for 


the stage.» By summing the contributions of each stage and 
adding (to u, and y) the gravitational terms (—gT and —} 
gT?, where T is the total burning time), we obtain expressions 
for u,,u,andy. Setting u, = tsa and u, = O, we would use 
two of these relations to find a and b and then substitute the 
resulting values of a and b into the expression for y to find the 
orbit altitude. 

So far we have only demonstrated that [6] provides a 
stationary solution. However, it is easy to show that the 
altitude obtained with this thrust attitude program is actually 
an absolute maximum. The proof, which is due to G. Culler 
and K. Hoffman, is given in the Appendix. 

While the actual process of determining a and 6 is straight- 
forward, it is somewhat lengthy in practice since it involves 
the solution of two simultaneous transcendental equations. 
Also, our derivation has neglected the dependence of wsat 
upon altitude. Both of these difficulties can be resolved if we 
adopt a somewhat more general approach. 

We drop the previous restriction to circular orbits and 
simply assume that at burnout we have certain values of 
u,, u, and y. These uniquely determine the Kepler ellipse 
which the satellite follows and, in particular, the distance of 
closest approach (d.c.a.) of this orbit. If H is the d.c.a. and 


D=R.+H 
then in terms of energy / and angular momentum L we have 


_ + + 


[8] 

= u,(R. + y) ( { 

| 

| one jo 

If Y(t) is to maximize D, then we require 

6D = D,6y + D,,6u, + | [10] 


OD/dy, ete. 
tan y =a — bt = 


where D, = Using [4] we again find 


where a and b are now given by 


= (TD, + Duy)/Duz b = 


-f This provides a systematic, iterative procedure for caleu- 


lating a and 6: Guess u,, u,; caleulate D,,, Dy,, D, from 
[8, 9]; compute a and b from [11]; find u,, y,, y from [7]; 
etc. This should yield the maximum’ D possible with this 
missile, subject to the assumptions i, ii and iii. 

Of these, the most serious is the first, since a program like 
[6] would result in intolerably large angles of attack. Con- 
sequently, it seems advisable to use a “gravity turn” (thrust 
parallel to velocity) until the missile is high enough to justify 
the neglect of aerodynamic forces, at which time we can 
switch over to the program [6]. Using the fact? that the 
velocity magnitude at the end of a gravity turn is a far less 
sensitive function of the initial conditions (kick angle, etc.) 
than is the velocity attitude, it is easy to show that the gravity 

5 In terms of the a and 6 of [6], tan Yo = a, tan yi = a — bh, 
tan = a — [(6tr)/(r — 1)). 

6 The d.c.a. is stationary for the thrust attitude program [6], 
with a and 6 given by [1 1]. Although we have proved that it is 
actually a maximum only for the special case of circular orbits 
(ef. Appendix), arguments of physical continuity would suggest 
that, at least for orbits of small eccentricity, [6] also maximizes 
the d.c.a. of elliptical orbits. 

* Culler, G., and Fried, Burton D., ‘Universal Gravity Turn 
Curves,’ Journal of Applied Physics, i in press. 
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turn should be chosen so that at the time of transition to the 
regime [6], ¥ has no discontinuity. 

This program also takes care of assumption ii, since we 
follow [6] only at high altitudes where the thrust is independ- 
ent of altitude. Finally, the fact that the powered flight 
takes place in a nonconstant gravitational force field would 
modify our results somewhat. However, this effect will be 
small provided the distance covered during powered flight is 
not large compared to the earth’s radius. 


and Discussion of Results 


We have shown that to obtain a satellite orbit of maximum 
altitude with a given missile, the thrust attitude angle yp 
should vary with the time according to 


. [6] 


during that portion of the powered flight where aerodynamic 
‘orees and variations in gravity are unimportant. This re- 
sult is valid for arbitrary time dependence of thrust and mass, 
ind hence for arbitrary staging configurations. Moreover, 
f we replace orbit altitude by some other function of the 
uurnout altitude and velocity vector, e.g., the altitude at 
perigee, and look for a stationary solution, we again obtain a 
result of the form [6]. 

The evaluation of a and 6 requires that we calculate the 
lurnout velocity with y given by [6]. For the particular 
‘ase where thrust and mass flow rate are constant, this can be 
carried through analytically. The results—Equations [7 ]|— 
are a generalization of the familiar clnr formulas which are 
obtained when y is constant. 

A steering program like [6] is physically reasonable. To 
obtain high altitudes, we would expect to start firing with 
large , so that the resultant vertical velocity could, in the 
course of time, produce altitude. Later in the flight we 
would want smaller y in order to build up the required 
horizontal velocity and also to allow gravity to cancel any 
accumulated vertical velocity. The optimum way of com- 
bining these considerations is prescribed by [6]. Since the 


general form of this function is qualitatively similar to that _ 


associated with a gravity turn, we can expect that the penalty 
of using the latter during the atmospheric portion of the flight 
will not be large. 


APPENDIX 


We shall demonstrate here that the altitude of a circular 
orbit is not only stationary for the thrust attitude program 
|5| but actually has an absolute maximum, as first pointed 
out by G. Culler and K. Hoffman (unpublished). We simply 
compute the second variation of the quantity 


= (y + Au, + muy) 


the vanishing of whose first variation leads to [5]. We have 


re? —N(u t+ —tsiny + dAcos yj... [A.1] 
(0) 


Let Y(t) be the thrust attitude program defined by [5 or 
6], i.e., 


tan W(t) =a =ANw+tT—t), 7/2..[A.2] 


Then [A.1] gives 


= —NAXfeos + tan Y sin 


see Po cos (W — Po)......... [A.3] 


We see that provided the physically reasonable conditions 
0< W< w/2and X > Oare satisfied’ we have 


which guarantees that J has a relative maximum for y = 
y(t). Since 


J - ff aN + + dos 


= NX sec Y f, dt cos (W — Yo) 


we see that Y = Y actually provides an absolute maximum 
for J. 

Of course, we are interested in the properties of y rather 
than J. We note that 


1. wo(t) satisfies the constraints, Equations [1]; in fact, the 
values of \ and yw are chosen so that this is the case. (We shall 
assume the total impulse capability, clnr, of the rocket to be 
great enough, compared to g7' and Usat, so that such values for 
A and yp exist.) 

2. w(t) maximizes J relative to all other admissible func- 
tions, regardless of whether they satisfy the constraints. 

3. It then follows that Yo(t) maximizes J relative to the 
more restricted class of functions which satisfy the constraints. 

4. For functions which satisfy Equation [1], maximizing J 
is equivalent to maximizing y. 


We conclude that yo(t) maximizes the orbit altitude com- 
pared to all other thrust attitude programs which satisfy 
Equations [1]. 

> simply means that ys» is a monotone decreasing function 
of ¢. 


= Reliability Concepts in Rocket Power Controls Design 
: (Continued from page 640) 


ATO or missile rocket system has given way to the sturdy, 
long-life component where rocket reliability is essential. 

In the development of component reliability, functional 
éndurance tests of all components used in “series” in the 
engine receive primary attention, and redundant subsystems 
are tested also as integral components. The basic functional 
endurance-test plan is designed to detect failures indicative 
of an insufficient safety margin. The environmental and 
operating overload test conditions adopted are determined 
on the basis of the actual safety and reliability margin con- 
sidered necessary. The actual “overload” test conditions 
used in terms of force, pressure, vibration amplitude, ex- 
treme temperature, and timing are established by increasing 
the normal design-limit values to provide the desired reliability 
and safety margin. Failure is defined as the point at which 
out-of-tolerance operation begins. 

Ten assemblies of each component and subsystem are set 
up first for endurance testing; all critical environment factors 
are simulated. Automatic recording of cycles and critical 
performance parameters is used to show initial deviation from 
specification performance. Each component is subjected to 
testing, modification or substitution, and retesting until it 
has achieved its specified reliability margin. Following this, 
sufficient additional samples incorporating the improvements 
are subjected to testing in order to establish statistical re- 
liability. The component design is then released for incor- 
poration in the engine reliability test program. 
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Structural Materials for Missile Applications at Very High 


Some short-time mechanical properties of copper, iron, 
molybdenum, tantalum and graphite were determined 
at temperatures up to the melting points of the metals 
and up to 5200 F for the graphite. These data are intended 
for use in the design of missile components that are ex- 
posed to aerodynamic heating. For periods of time up to 
5 min, the load-carrying abilities of tantalum and molyb- 
denum exceed those of iron and copper at equal tempera- 
tures. Although tantalum and molybdenum have appre- 
ciable strength in the temperature range 4000 to 5000 F, 
their service lives are limited because they are rapidly 
oxidized at these temperatures. Graphite has relatively 
low strength at room temperature, but it retains this 
strength with increasing temperatures up to 4400 F and 
higher. The graphite is oxidized at a much slower rate 
than the tantalum and molybdenum. In addition to 
mechanical and chemical properties, thermal properties 
must be considered in choosing materials for missile 
structures. 
Introduction 


NS) A ‘result of ae srodynamic heating, the temperatures of 
certain components in high speed missiles increase with 
increasing velocities. In some instances, these components 
must be designed to operate for short periods of time at the 
highest velocities and temperatures compatible with struc- 
tural stability. The structural stability depends upon the 
mechanical properties under the operating conditions. The 
operating conditions, in addition to very high temperatures, 
include rapid heating, short times at temperature, and moder- 
ate to rapid rates of loading. Little or no information is 
available on the behavior of structural materials under these 
conditions of temperature, time and loading. Yet such 
knowledge is essential for the proper design and operation of 
high speed missiles. 

The purpose of the work discussed in this paper was to 
determine the short-time tensile, creep and fracture properties 
of several structural materials at temperatures approaching 
their melting points. These properties determine, to a large 
extent, the suitability of the materials for applications in 
missile structures. 


Scope 


The materials and types of tests and test conditions: to 
which they were subjected are outlined in Table 1. All of the 
materials were tested in relatively pure form. Electrolytic- 
tough-pitch copper was used. The molybdenum had been 
made by the arc-vacuum casting method prior to rolling. 
It had a carbon content of 0.020 per cent. The tantalum 
was commercially pure and had been made by a powder 
metallurgical method before it was rolled. The ingot iron 


contained 0.018 per cent carbon plus very small pere entages 


Presented at the ARS 11th Annual Meeting, New York, N. Y., 
Nov. 26-29, 1956. 
1 Head, Metallurgy Section. 


Temperatures 
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Fig. 1 Testing machine for tensile, creep and fracture tests 


of manganese, phosphorus, sulfur, silicon and copper. 
In addition to the molded graphite, three types of extruded 
graphite were tested. The test results for only the mold- 
ed graphite are reported since its mechanical properties were 
superior to all of the extruded types that were tested. 

Since the test results were intended for use in applications 
involving aerodynamic heating, all tests were carried out in 
air atmospheres. 

The tensile and creep-test specimens were heated to test 
temperature within 20 sec. The tensile specimens, which 
were held for periods of 10 and 90 sec at temperature, were 
then loaded at strain rates of 0.10 and 0.00005 in./in./sec. 
These strain rates caused the specimens to rupture in about 
1 sec in the rapid tests and in about 30 min in the slower tests. 

In the creep tests, the specimens were loaded at room tem- 
perature, heated to test temperature, and then held at test 
temperature until failure or for a maximum period of 5 min. 
Strain was measured continuously from the start of heating. 
In the fracture tests, the specimens were dead-weight loaded 
at room temperature and then heated continuously at three 
different rates to failure. No attempt was made to use the 
same three heating rates at each load but rather to heat at 
rates that would produce failures in times of 5, 20 and 90 sec 
from the start of heating. Strain and temperature were 
recorded continuously as functions of time during the fracture 
tests. 

The dimensions of the gage sections of the test specimens 
were 2 in. X #/s in. X 0.064 in. for the sheet metals and 2 in. 
x 0.505 in. diam for the graphite. 


Test Equipment 


Since no commercial testing apparatus was available that 
was capable of fulfilling the desired testing conditions, a 


unique high ene, high apie testing apparatus was 
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Table 1 


Materials! Tests? 


Copper, electrolytic tough pitch 
Molybdenum, are-vacuum cast 
Tensile, creep, 
fracture 
Tantalum, pressed and sintered 


Ingot iron 
Molded graphite 


Tensile, creep 


= 


1 Copper and tantalum were rolled and annealed sheet, approximately 0.064-in. thick. 


approximately 0.064-in. thick. 
2 All tests carried out in air atmospheres. 
3 Refers to time at temperature before loading was started. 


Outline of test program 


Test temp. rae 
range, °F Test conditions 
75-1835 Tensile 
75-4500 Heating time, 20 sec 
Exposure times,* 10 and 90 sec - 
75-5000 Strain rates, 0.00005 and 0.1 in./in./sec 


Creep 
Heating time, 20 sec 
Max. test time, 5 min 
Fracture 
Heating rates to produce fracture 
sec 


75-2525 
75-5200 


in 5, 20 and 90 


Molybdenum and iron were cold-rolled sheet, 


developed. This apparatus, which is described in more detail 
elsewhere,” is shown in Fig. 1. Briefly, the test equipment 
neluded a screw-driven tensile machine for the tensile tests 
and a dead-weight loading frame for the creep and fracture 
tests. The tensile machine was driven by a d-c motor through 
appropriate speed reducers. All specimens were resistance 
heated by means of current supplied through a welding trans- 
former. Specimen temperature was measured by means of 
thermocouples, which were flash welded to the specimens, or 
by radiation pyrometers. Both the thermocouples and 
radiation pyrometers actuated a temperature recorder-con- 
troller that worked in conjunction with the resistance heating 
unit to control temperature at any desired level. In some 
tests at very high temperatures, an optical pyrometer was 
also used as an extra check on the specimen temperature. 

In the tensile tests, load was transduced by a strain-gage 


2 See Kattus, J. R., and Dotson, C. L., “‘Tensile, Fracture, and 
Short-Time Creep Properties of Aircraft-Structural Materials 
at Very High Temperatures after Rapid Heating,” and ‘Tensile 
Properties of Aircraft-Structural Metals at Various Rates of 
Loading after Rapid Heating,’ WADC Technical Reports 
55-391 and 55-199, Dee. and May 1955. 


15 


0 03 06 09 2 
STRAIN, % 


Fig. 2 Typical tensile stress-strain curve for ingot iron at 2450 
F and at a strain rate of 0.1 in./in./sec; records of this type were 
obtained by photographing oscilloscope trace with a land camera 
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load cell. In all types of tests, strain was transduced by novel 
“spring-strain-gage’”’ extensometers. The outputs from these 
transducers were amplified and fed into suitable electronic 
recorders that recorded stress-strain curves in the tensile tests 
and time-strain curves in the creep and fracture tests. 

A typical tensile stress-strain curve is shown in Fig. 2. 
Curves of this type were obtained by feeding the calibrated 
signals from the stress and strain transducers into a cathode- 
ray tube and photographing the trace on a Land camera. 
In order to obtain a record of the strain rate, signals of cali- 
brated frequency were applied to the Z-axis of the cathode-ray 
tube to produce dashes on the photographic record. 

In order to provide some useful design data to the Air Force 
at the earliest possible moment, time was not taken to perfect 
the equipment for all of the desired test conditions. For 
example, the extensometer could be used to detect strain at 
the gage points of the specimens to a maximum testing 
temperature of only 2800 F. At higher testing temperatures 
strain was not measured on the metallic materials, and, for 
tests on graphite, strain was detected at the crosshead of the 
testing machine. On tantalum and molybdenum, some of 
the elevated-temperature tests that involved slow strain 
rates or long exposure times could not be carried out because 
the rapid oxidation of the metal either consumed the specimen 
before the test was completed or interfered excessively with 
temperature control. Fracture tests were not carried out on 
graphite because some of the required heating rates and 
fracture temperatures were beyond the capacity of the testing 
equipment. Subsequent work is being carried out to overcome 
these limitations in the equipment. 

Repeated calibrations of the extensometers indicated that 
strain measurements taken at the gage points of the specimens 
were accurate within +3 per cent. The load cells, which 
were also calibrated frequently, were accurate within +2 per 
cent of the indicated values. The dead-weight loading frame 
was designed for an over-all loading accuracy of +2 per cent. 
Comparative tests, which were run on specimens with strain 
measurements taken both at the gage points and at the 
crosshead, provided a correction factor to apply to strain 
measurements taken at the crosshead. These comparative 
tests indicated that the accuracy of the strain measurements 
taken at the crosshead was probably no better than +40 per 
cent when the correction factor was applied. 

Some inaccuracy was probably introduced into the total 
elongation values of the metal tensile specimens due to local- 
ized heating in the area that necked down after the ultimate 
load was reached. When this reduction in area occurred, 


the increased current density caused a localized increase in 
temperature, which undoubtedly changed the elongation 
characteristics in the area adjacent to the fracture. 


Since this 
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phenomenon occurred after the ultimate load was reached, 
none of the other tensile properties were affected. Corre- 
sponding temperature nonuniformities that occurred near the 
end of the creep and fracture tests on the metal specimens 
probably had minor effects on the failing times in these tests. 
~ Because of their lack of ductility, no reduction of area occurred 
et in the graphite specimens. Due to the small inherent 
inaccuracies in load and strain measurements and to individual 
_ variations in interpreting the elastic portion of the stress- 
strain curves, the maximum inaccuracy in the modulus of 
elasticity determinations was approximately +10 per cent. 
Since the test specimens were resistance heated in open 
air, heat losses at the surface resulted in a temperature 
- gradient from the center to the surface of the specimens. 
- - It was shown experimentally that at the highest testing 
. ia temperatures this gradient was about 100 F in the copper and 
_ 250 F in the iron. It is estimated that the gradients were 
400 F in the tantalum and 250 F in the molybdenum at the 
highest test temperatures. temperatures, the 


Fig. 4 Surface condition of tantalum specimens that were 
loaded rapidly to failure after 10-sec exposures to air at various 
temperatures 


gradients were probably proportionately less. The magni- 
tude of the temperature gradient in the graphite is not known, 
but it was probably considerably less than those in the metals 
because the graphite specimens were surrounded with a 
radiation shield. All reported test temperatures are those 
measured at the surface of the specimens. 


i 
Molybdenum and tantalum oxidized rapidly at elevated 
temperatures and their usefulness is limited probably more 
by this phenomenon than by their mechanical properties. 
In both of these materials, the rate of oxidation, which was 
appreciable at temperatures between 1500 and 2000 F, 
increased with increasing temperatures. If the specimens 
were held at elevated temperatures for sufficient periods of 
time, the oxidation continued through the entire cross section. 
The molybdenum oxide formed a white smoke as shown in 
Fig. 3. The tantalum oxide formed a porous solid layer on 
the surface of the specimens. Fig. 4 shows three tantalum 
specimens that had been held at elevated temperatures for 


Fig. 5 Surface condition of ingot-iron specimens that were 
loaded rapidly to failure after various exposures to air at ele- 
vated temperatures 


Test Results 


Oxidation 


At 1500 F no visible oxide had formed; at 
at 5000 F 


only 10 sec. 
2800 F a small amount of oxidation had occurred; 
the oxidation had badly damaged the metal. 
Iron specimens also became severely oxidized at tempera- 
tures approaching their melting points. Fig. 5 shows that 
the oxidation was negligible at 1000 F, relatively minor for 
short periods of time at 1750 F, and quite severe at 2500 F. 
At temperatures near their melting points, the tantalum and 
molybdenum oxidized more rapidly than the iron. 
Oxidation of copper and graphite specimens was relatively 
minor within the short time periods involved in the various 
tests. Fig. 6 shows that some oxidation of copper occurred 
as low as 800 F, but even at 1825 F only two or three thou- 
sandths inch of the cross section became oxidized. At 5200 
F, only a small amount of graphite was oxidized as shown in 
Fig. 


Tensile Properties 


Figs. 8 and 9 show the ultimate tensile strength and 0.2 
per cent-offset yield strength of the test materials at different 
temperatures, strain rates and exposure times. Graphite 
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Fig. 3 Molybdenum specimen at 3000 F 
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Fig. 6 Surface condition of electrolytic-tough-pitch copper 
specimens that were loaded rapidly to failure after various 
exposures to air at elevated temperatures 
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had no yield point since it underwent no plastic deformation 
when loaded to failure. 

At the lower test temperatures, the strength of the test 
materials decreased in the following order: molybdenum, 
tantalum, iron, copper and graphite. At temperatures 
above 3200 F, the strength of the tantalum was slightly higher 
than that of the molybdenum. All of the metals decreased 
in strength continuously with increasing temperatures. 
The graphite, which had comparatively low strength at room 
temperature, maintained constant strength with increas- 
ing temperature up to 5200 F at the rapid strain rate and up to 
4400 F at the slow strain rate. The strength properties of all 
of the metals were considerably higher at the rapid strain 
rate than at the slow strain rate. This effect of strain rate 
is common in metals. Except at temperatures above 4400 
F, the*effect of strain rate on the strength of graphite was 
less pronounced. The variation in exposure time from 10 
to 90 sec at temperature had negligible effects on the tensile 
strength properties of the various test materials. 

The modulus-of-elasticity values of the various materials 
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Fig. 7 Surface condition of specimens of molded and extruded 
graphite that were loaded rapidly to failure after 10-sec wyemee 
to air at 5200 F 1 
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Fig. 8 Effect of temperature on the ultimate tensile strength of 
five materials at different strain rates and exposure times in air 
atmospheres; specimens were heated to test De cin 

: within 20 sec 
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Fig. 10 Effect of temperature on the tensile modulus of elasticity © 

of five materials at different strain rates and exposure times in 

air atmospheres; specimens were heated to test temperature — 
within 20 sec 


under different test conditions are shown in Fig. 10. With | 
the exception of the reversal in positions of iron and tantalum | 
at the lower temperatures, the relative order was similar to 
that of the tensile-strength properties. As in the case of | 
rece properties, the modulus values of the metals de- 

reased continuously with increasing temperatures, and the 
scala of the graphite remained constant or increased 
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Fig. 11 Effect of temperature on the per cent elongation of five 

materials at different strain rates and exposure times in air 

atmospheres; specimens were heated to test temperature within 

20 sec 


slightly with increasing temperatures up to about 4400 F. 
Between 4400 and 5200 F, the modulus of the graphite 
decreased slightly. 

At room temperature, the variation in strain rate had little 
or no effect on modulus-of-elasticity values. At elevated 
temperatures, the modulus of molybdenum, iron and copper 
increased with increasing strain rate. This variation in 
modulus with different strain rates is probably not a real 
variation in elastic properties. It is likely that, at the slow 
strain rate and high testing temperatures, some creep de- 
formation was added to the elastic deformation. Such 
additional strain during the elastic portion of the tests causes 
an apparent decrease in the modulus values. In tests at 
the rapid strain rates, little or no creep deformation occurred 
during elastic straining since this portion of the tests lasted 
for only a fraction of a second. The modulii of tantalum and 
graphite were not greatly affected by variations in strain 
rate. Variations in exposure time had little significant effect 
on modulus values. 

The total permanent elongations obtained on the tensile 
test specimens are shown in Fig. 11. At room temperature, 
the ductility of tantalum, copper and iron were about equal 
and considerably higher than that of molybdenum. The 
graphite had no plastic elongation at any of the test tempera- 
tures. With increasing temperatures, the tantalum and 
iron decreased in elongation and then increased as shown in 
Fig. 11. The elongation of the copper decreased as tempera- 
ture was increased to 800 F and remained constant with 
further increases in temperature. The increase in ductility 
of molybdenum as temperature was increased from 2000 to 
2800 F was, undoubtedly, a result of the fact that the cold- 
rolled structure was annealed in that temperature range. 

The variation in strain rate from 0.00005 to 0.1 in./in./sec 
did not have consistent effects on ductility. In general, the 
elongation of the iron and copper was higher at the higher 
strain rate. At low temperatures, the tantalum and molyb- 
denum had higher elongation at the lower strain rate, but at 
temperatures between 1300 and 1600 F the ductility of these 
metals at the slow strain rate fell below that obtained at the 
rapid strain rate. 

The variation in exposure time from 10 sec to 90 sec at th 
test temperature had very little effect on per cent elongation 
in all of the test materials. 


Creep Properties 


Some comparisons of the short-time creep-rupture proper- 
ties of the test materials at several loads and temperatures 
are shown in Fig. 12. In this graph, the heights of the vertical 
bars represent the rupture times of various test materials at 
different temperatures and at tensile loads of 200, 2000 and 
10,000 psi. The bars are divided into sections to represent 


three different creep deformation ranges as shown on Fig. 12. 
Since the maximum testing time was 5 min, rupture times 
greater than 5 min are represented by arrows at the tops of 
the bars. 

At temperatures approaching their melting points, copper 
and iron withstood a load of 200 psi for 5 min without failure 
and with less than 1 per cent creep deformation. Graphite 
performed similarly under this load at 5200 F. Under the 
same load at 4500 F, however, the tantalum failed in 26 sec 
and the molybdenum in 48 sec. These quick ruptures of the 
tantalum and molybdenum at temperatures near their melting 
points probably do not represent inherent creep-rupture 
properties, since the failures were a result of the wasting 
away by oxidation of the 0.064-in.-thick test specimens. 
Undoubtedly, the rupture times would have been much longer 
if the specimens had been protected against oxidation. Also, 
the relative rate at which the metal is wasted away decreases 
with decreasing surface area-to-volume ratio. At the same 
temperature and stress, thicker specimens, for example, 
would not have failed so quickly. Since graphite and iron 
are oxidized at slower rates than tantalum and molybdenum, 
similar factors would probably have a less marked effect on 
their creep-rupture properties. 

Under a load of 2000 psi, copper and iron specimens failed 
in less than 30 sec at temperatures near their melting points. 
When the temperatures was lowered to 1375 F in the copper 
and to 1900 F in the iron, neither material ruptured within 
5 min. At the same load, graphite, which failed in 51 sec 
at 5200 F, did not fail within 5 min at 4750 F. 

When tantalum and molybdenum were creep tested at 
2500 F under a 10,000-psi load, both materials failed within 
30 sec. At the same load, molybdenum elongated 5 per cent 
and failed in 2.5 min at 2150 F, and tantalum elongated 10 
per cent but did not fail within 5 min at 2125 F. At lower 
temperatures, neither tantalum nor molybdenum crept as 
much as | per cent or failed within 5 min. 

The results of these creep tests show that the short-time 
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Fig. 12 Effect of temperature on creep-rupture time of five 
materials at various loads in air atmospheres; specimens were 
dead-weight loaded at room temperature and heated to test 
temperature within 20 sec 
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creep-rupture properties of tantalum and molybdenum are 
superior to those of iron and copper at the same temperatures. 
The molded graphite showed remarkable creep strength in 
that at 4750 F it supported a load equivalent to two-thirds 
its room temperature tensile strength for more that 5 min. 
In order to provide more design data on copper, extra 
short-time creep tests were run at various stresses at tempera- 
tures of 1000, 1400, and 1800 F. The results are plotted in 
Fig. 13, which shows the rupture times and times required 
for various creep deformations at different stresses and 
temperatures. This plot shows that for service periods of 5 
min or less the maximum safe loads for copper are between 
7000 and 8000 psi at 1000 F, between 3000 and 4000 psi at 
1400 F and between 1000 and 2000 psi at 1800 F. These 
maximum safe loads are approximately equivalent to the 
ultimate tensile strength of the copper at the same tempera- 
tures at the slow strain rate. The ultimate tensile strengths 
ut these temperatures at both slow and rapid strain rates are 
shown on the left-hand side of Fig. 13. 


we 

The results of fracture tests on the test metals are shown in 
lig. 14. In this plot, the temperatures at which the fracture- 
test specimens failed are shown as functions of stress. For 
cach stress level, three failing temperatures are shown, which 
were obtained by heating at three different rates to produce 
iractures in times of 90, 20 and 5 sec. The lower the stress, 
the higher the temperature to which the specimens could be 
heated before they ruptured. In all of the metals at all 
stress levels, the failing temperature increased with increasing 
heating rate. Also shown in Fig. 14 are the ultimate tensile 
strengths of the test metals at different temperatures and at 
two strain rates. The relationships between fracture temper- 
ature and stress correspond quite closely to the relationships 
between temperature and values of ultimate tensile strength 
that were obtained at a strain rate of 0.1 in./in./see. 


Fracture Tests 
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Fig. 13 Short-time creep and rupture properties of electrolytic- 

tough-pitch copper showing time for various amounts of creep at 

various stresses and temperatures in air atmospheres; speci- 

mens were loaded at room temperature, heated to test tempera- 

ture within 20 sec, and then creep measurements were made for 

a maximum of five minutes; ultimate tensile strengths shown 
for comparison 
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Fig. 14 Fracture temperatures of four metals dead-weight 
stressed at room temperature and continuously heated to 
fracture in 5, 20 and 90 sec; tensile strengths also shown for 
comparison 


Conelusions 


The information contained in this report is intended as an 
aid for designers in the selection of materials for and design 
of components for missile structures. Definite conclusions 
regarding the best materials for missile structures cannot be 
made on the basis of this investigation alone. Thermal 
properties in addition to mechanical and chemical properties 
are of prime importance in making a selection of this type. 

The selection of materials must be based upon a correlation 
between the mechanical, chemical and thermal characteristics 
of the structural materials and the conditions of temperature, 
time and loading under which the missile will operate. None 
of the materials tested have optimum properties for a wide 
range of operating conditions. Tantalum and molybdenum — 
have appreciable strength at temperatures between 4000 and 
5000 F, but their service lives in air at these temperatures are 
quite limited because they are oxidized very rapidly. For peri- 
ods of a few seconds in this temperature range, the tantalum > 
and molybdenum sheet had more strength than the graphite — 
bar. The graphite, which oxidized more slowly, was superior — 
for load-supporting applications of more than 1 min in air at © 
these temperatures. Graphite has very low strength at — 
room temperature but is unusual in that it retains this — 
strength at temperatures up to 4400 F and higher. The > 
brittleness of graphite under all conditions, however, might | 
mitigate its advantages of stability and strength at very high © 
temperatures. 

At equal temperatures, the load-carrying abilities of molyb-- 
denum and tantalum considerably exceed those of iron and — 
copper for periods up to 5 min. However, the excellent | 
thermal properties of copper, which are reported elsewhere, | 
are probably a distinct advantage for this material. 

Of equal importance to knowledge of the characteristics _ 
of missile structural materials under operating conditions is 
the development of improved materials for these applications. 
If suitable protective coatings are developed for tantalum 
and molybdenum, these metals will be promising for applica-_ 
tions at temperatures up to the range 4000 to 5000 F. 


The sit described in this paper was carried out under — 
contracts AF 33(616)-2837 and AF 33(616)-3494 with Wright — 
Air Development Center and were the 
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Some Considerations of Film Cooling for Rocket Motors 


M. J. ZUCROW? and A. R. GRAHAM? 


It is demonstrated experimentally that increasing the 
film-cooled length of a cylindrical section requires more 
than a proportional increase in the film-coolant flow rate. 
It is shown that if the heat transfer rate to the liquid 
film is known, an ideal film-coolant flow rate may readily 
be calculated, which is proportional to the average film- 
cooled length. The actual film-coolant flow rate may then 
be determined from the graphs presented in the paper. 
Circumferential variations in the length of the liquid 
film are taken into account by means of the profile effective- 
ness which depends upon the design of the film-coolant 
injector and the main propellant injector. A method 
for estimating the heat transfer to the film coolant is 
presented. Experimental data are also presented for the 
loss in specific impulse when water is used as the film- 
coolant. The rocket motor experiments reported herein 
were conducted with a 500-Ib-thrust, 500-psia combustion 
pressure rocket motor using white fuming nitric acid and 
- engine fuel (JP-4) as the propellants. 


Nomenclature 

Aq = actual film-cooled area 

Cp = specific heat at constant pressure of liquid film coolant 

D = diameter of combustion chamber 

d= thickness of liquid film 

d* = dimensionless thickness of liquid film 

F = thrust 

f = Fanning friction coefficient 4 


g = acceleration of gravity 

hy = heat transfer coefficient for film cooling 

Ah, = specific heat of vaporization of coolant corresponding to 
combustion pressure 


I = specific impulse as defined by Equation [15] 

6! = per cent loss in specific impulse due to film cooling 

I, = “effective specific impulse’’ for zero film-coolant flow 

Irc = specific impulse for any particular value of film-coolant 
flow ines wie 


= film-cooled length 
L = average film-cooled length _ embot 


ditions 

q = heat flux, or heat transferred per unit area 

@: = heat which the coolant can absorb-as a liquid 

Q. = heat transferred from the combustion gases 

R = ratio of the maximum gas velocity to the gas velocity at 
the border of laminar sublayer and turbulent core 

R’ = ratio of mean gas velocity to gas velocity at border of 


laminar sublayer and turbulent core 
St = Stanton number of combustion gases based on bulk con- 


ditions 

ft) = temperature of combustion gases evaluated at bulk condi- 
tions 

ts = saturation temperature of liquid film coolant correspond- _ 


ing to the combustion pressure 
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Pr = Prandtl number of combustion gases on bulk con- 
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Fig. 1 Film-cooled combustion chamber 


4, = temperature of coolant at supply conditions i 
u = velocity at any distance y as noted in text 
u* = dimensionless velocity defined by Equation [7] 
1 = actual film-coolant flow rate & 
W’ = ideal film-coolant flow rate = = 
W* = dimensionless film-coolant flow rate 
W, = oxidizer flow rate 
Wy, = fuel flow rate 
y = radial distance measured as noted in text 
y* = dimensionless wall distance as defined by Equation [8] 
6 = thickness of laminar sublayer 
€p = profile effectiveness as defined by Equation [4] 
€; = Stability effectiveness as defined by Equation [5] 
uw = dynamic viscosity of liquid film coolant 
p = density of the liquid film coolant 
7 = shear stress evaluated at any distance y as noted in text 
7 = shear stress evaluated at y = 0 

1 Introduction 


YECENT trends rocket engine development are in 
the direction of utilizing higher combustion pressures 
and/or higher energy propellants (5, 22).* Operation under 
those conditions, however, aggravates the problem of cooling 
the rocket motor. It appears that with regenerative cool- 
ing the maximum usable specific impulse obtainable from a 
propellant combination will be limited by the ability of the 
particular propellant employed as the liquid coolant to absorb 


the required heat flux (1, 2, 3, 4). 
| 


2 Film Cooling 
It has been pointed out in the literature that the limita- 


tions of regenerative cooling may be overcome by film cooling 


with a liquid coolant (22, 23). ’ 

Fig. 1 illustrates a section through the wall of a cylindrical 
combustion chamber where the hot combustion gases flow 
past the interior surface and a liquid film coolant is supplied 
through slots from a manifold to cover that surface. The 


4 Numbers in parentheses indicate References at end of paper, 


Jet PROPULSION 


into 
flow 
sect 
min 
aro 
cha 
: 


To 


‘ 

film 
com 
eva 
plet 
is il 
gas 

+ 
4 sort 
E 
film 
will 
the 
P 
FIL 
| 
are 
6] 
tion 
tran: 
It ca 
cent 
will 
the ¢ 


film coolant should be so injected that after entering the 
combustion chamber it will flow along the surface and be 
evaporated gradually as it flows downstream. Before com- 
plete evaporation occurs, a new supply of liquid film coolant 
is introduced. As long as there is liquid between the hot 
gas and the surface, the temperature of the interior wall will 
not exceed the boiling point of the liquid. 

The studies of film cooling reported herein may be divided 
into two parts: (a) The determination of the film-coolant 
flow rates required for cooling a given length of a cylindrical 
section using water as the film coolant,’ and (b) the deter- 
mination of the decrease in the specific impulse obtained from 
a rocket motor due to film cooling a portion of its combustion 
chamber. 

_ The heat which the liquid coolant can absorb, denoted by 
is given by 
Q, = — + BA,)............. 

On the other hand, the heat which the coolant must ab- 

sorb from the hot gases flowing past it, is given by® 
= t, — t,)... (2) 

Equating Equations [1 and 2] and solving for the ideal 

film-coolant flow rate W’ yields eo 


edt, + Ah, 
Equation [3] cannot be applied directly in practice, as 
will be seen from the considerations which are discussed in 
the following paragraphs. 
Profile effectiveness: Equation [3] includes the average 
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Fig. 2 Pattern view of film-cooled test section 
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° Experiments have been conducted at Purdue University with 
JP-4, WFNA and liquid ammonia as film coolants but the results 
are not reported here. 

° It is assumed that all of the heat transferred from the com- 
tion gases is transferred to the liquid coolant and that none is 
transferred through the walls under equilibrium conditions. 
It can be shown that, in general, less than approximately 3 per 
cent of the total heat transferred from the combustion gases 
will be conducted through the coolant and the wall because of 
the extremely high resistance of the still air film on the outside 
of the wall. 


film-cooled length L. Reference to Fig. 2, which is a pattern 
view of a film-cooled cylindrical duct, shows that in general 
the length of the liquid film may vary from point to point 
around the circumference of the combustion chamber. The 
minimum length of cylindrical duct which is film cooled is 
denoted by L, and will be termed the “film-cooled length.” 
From Fig. 2 it is apparent that the average film-cooled length 
L is equal to the total film-cooled area A,, divided by the cir- 
cumference of the duct tD. It is convenient to introduce the 
profile effectiveness ¢,, which measures variations in the 
length of the liquid film. By definition 


The magnitude of the profile effectiveness depends upon 
(a) the characteristics of the film-coolant injector, (b) the 
condition of the surface to be cooled and (c) the characteristics 
of the injector employed for introducing the main propellants 
into the combustion chamber of the rocket motor. 

If the film-coolant injector provides a uniform film dis- 
tribution, and if the surface to be film cooled is relatively 
smooth, then e, depends only upon the characteristics of the 
main propellant injector. The latter influences the value 
of ¢, if it causes hot spots to be formed because of nonuni-— 
formities in the combustion process. 

Stability effectiveness: A second consideration which must | 
be taken into account arises from the phenomena associated — 
with film instability. Reference to Equation [3] shows that 
for a given liquid film coolant, the denominator of the right-_ 
hand side is constant. For a given rocket motor, burning a 
given set of propellants at a fixed mixture ratio and combus-— 
tion pressure, the numerator, except for L, is also constant. 
It would, therefore, be inferred that the average film-cooled 
length L would vary linearly with the film-coolant flow rate. 
Experiments show, however, that an increase in the film- 
cooled length requires more than a proportionate increase 
in the film-coolant flow rate.7 The nonlinearity may be 
attributed primarily to one of two factors. 

First, as the film-coolant flow rate is increased, there ll 
occur separation of the liquid film coolant from the surface 
close to the location where it is injected. In that event a an! 
large portion of the liquid film coolant penetrates into the 
main gas stream and the quantity of liquid actually required 
for film cooling the surface is increased. For reasonable 
film-coolant flow rates, experiments indicate that the afore-— 
mentioned condition is unlikely to occur (13, 27). 

It is far more probable that the nonlinearity between film-— 
cooled length and film-coolant flow rate arises from the for-— 
mation of waves and ripples on the free surface of the liquid | 
film. At low values of film-coolant flow rate the liquid flow — 
is laminar and the surface of the film is relatively smooth. © 
As the flow rate is increased the flow becomes turbulent and 
waves or ripples begin traveling along the surface of the | 
film. Further increase in the film-coolant flow rate intensifies — 
the wave motion, with the consequence that portions of the _ 
waves are ‘‘torn away” by the high velocity gases flowing past _ 
them; that phenomena will be termed ‘droplet break-away.” 
Such waves (or ripples) increase the friction coefficient be- — 
tween the afore-mentioned gases and the liquid film (8) and — 
also increase the effective area for transferring heat from the ; 
hot gases to the film. 

The factors discussed here are effective in causing the re- _ 
quired film-coolant flow rate to be larger in the actual case 
than in the ideal case. It is convenient, therefore, to intro- 
duce the stability effectiveness €,, which is defined by 


where W is the film-coolant flow rate required in the actual 
case, 


7 This statement is confirmed later with experimental evidence 
(see Figs. 3 and 7). 
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Substituting Equations [4, 5] into Equation [3] to elim- 40 ——— ————* = 
inate L and W’, and solving for W, gives 


€p€s[Cp(te — + Ahy] 
The only quantities that would normally be unknown in 32 f 


Equation [6] are the heat transfer coefficient h,;, the profile 


effectiveness €,, and the stability effectiveness ¢,. The next 3 
three sections present methods for determining h;, €, 226 
and €,. 
5 24 
3 Determination of Stability Effectiveness «, 
It has been shown that the stability effectiveness ¢, de- 20 
pends upon the intensity of waves (or ripples) formed on the 3 oA oe ¥ : 
free surface of the liquid film. For a given liquid film cool- ° ae ro“ nn 
ant, it may be expected that the intensity of those ripples 216 A <4 : 
will depend upon the thickness of the film; the latter is re- © / /, Wa i E 
lated to the degree of turbulence in the film-coolant flow FA 
(6, 12, 15, 19, 28). Consequently, the stability effectiveness & 12 va ; 
€, may be expected to be a function of the thickness of the z / yi ‘g ra £ 
liquid film. If it is assumed that the flow in the liquid film ‘lat, a 
can be characterized by some sort of dimensionless velocity 8 on Lay an 
distribution similar to that applicable for single phase flow,*® 
then the stability effectiveness should be dependent upon 
the dimensionless film thickness.? It can be shown that the 
dimensionless film thickness d+ depends upon the dimen- if? ai ean 
sionless film-coolant flow rate W*; the equation for the latter Wf? 
is derived below (19). The dimensionless velocity u+ and 
the dimensionless distance y* are defined by FILM COOLANT FLOW, W, LB/HR 
u Fig 3 Average film-cooled length vs. coolant flow Fig 
= in Reference (11) which were obtained from experiments with 
— heated air flowing through a circular film-cooled duct. 
y [8] The experiments were conducted with water and ethylene 
u/p glycol as the film coolants. Table 1 summarizes the experi- 


where wu is the velocity in the liquid film at any distance y mental conditions. 


from the wall, » and p are the viscosity and density, respec- 


tively, of the film coolant, and 7» is the shear stress between : t | iY ss? 
the liquid film and the wall. 4% ana, Tablel 
The weight rate of film-coolant flow dW through an ele- oa to» eas mass 
mentary area 7D dy of the tube is given by Type of Temperature, _ velocity, 
surface! Curve Coolant °F lb/hr ft? 
dW = guprD dy...................[9] — & water 1400 2.07 x 10° 
water 1400 1.63-1.73 X 10° 
Substituting for u from Equation [7] into Equation [9] due ‘ws \3 water 800 2.67 X 10 
and substituting for dy from the differentiated form of [8] = (4 water 800 1.65 X 105 e 
gives Rough- 
ened water 800 2.63 X 105 
+dyt = Wt (10) surface \|6 ethylene 700 1.90 105 
1 The surface of the duct listed as rough was relatively > 
By definition, the right-hand side of [10] is the dimension- smooth, but slightly wavy. The surface listed as roughened [ 
was the same duct after it had been etched by flowing ethylene 
less film-coolant flow rate W*. It is apparent from [10] glycol through the duct as a firm coolant. re 
that W* is a function of the upper limit of integration y* = 
d*, Since ¢, is also a function of d*, which is the dimension- ka 
less film thickness, it follows that 2 
Fig. 3 presents the curves of L as a function of W reported < 
=f W (11) by (11); the conditions corresponding to the numbers at- 
tached to the curves are listed in Table 1. 
eee Reference to Fig. 3 shows that the Z is not a linear func- 


funtion [11] tion of W, except possibly when extrapolated to low values of 
W. The nonlinearity is attributed to the stabifity effectiveness 


8 It is not assumed in this paper that the dimensionless velocity ¢. Himinating W" in Equation [8] by means of (5) yields 


distribution is the same as that for single phase flow, as reported : h D Lit = 
by Nikuradse (18). It is only assumed that a dimensionless | = [12] 
velocity distribution exists for the liquid film. Lep(ts — + Ahy) 
® Reference (6) suggests that stable and unstable films might — Fig 
be related by the value of the dimensionless film thickness. The curves of Fig. 3 can be utilized for evaluating the brack- 
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eted expression in [12], and those curves can then be trans- 
formed into curves presenting 


€s 


Fig. 4 presents the corresponding curves of h,/e, as a func- 
tion of W*, obtained from Fig. 3. It is seen from Fig. 4 that 
at low values of W* each curve is parallel to the W* axis. 
It may be assumed, therefore, that the portion of each curve 
that is parallel to the W* axis corresponds to the situation 
where the surface of the liquid film was essentially free of 
waves, so that the stability effectiveness «, was unity. Con- 
sequently, the value of the parameter h;/e, for the afore- 
mentioned portion of each curve presented in Fig. 4 gives the 
heat transfer coefficient h, for that particular curve. 

From the values of h; obtained from each curve, and as- 
suming that h, is independent of the film-coolant flow rate, 
the values of 1/e, as a function of W* are readily computed 
for each curve by dividing the ordinates by their correspond- 
ing value of hy. 

Fig. 5 presents the values of €, as a function of W* cal- 
culated in the afore-mentioned manner. Curves I and II 
in Fig. 5 apply to the experiments listed in Table 1. Curve 
III was developed from data obtained at the Jet Propulsion — 
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Fig. 6 Arrangement of elements of film-cooled rocket motor 


Center, Purdue University, with the 500-lb-thrust rocket 
motor illustrated in Fig. 6. The experiments with the rocket 
motor were conducted at 500-psia combustion pressure using 
JP-4 fuel and white fuming nitric acid as the propellants; 
the film coolant was water. 

Fig. 7 presents the film-cooled length as a function of the 
film-coolant flow rate W for the same film-cooled rocket 
motor operated with two different film-coolant injectors; 
the injectors are discussed in a later section. The film- 
cooled iength was determined from thermocouple measure- 
ments of the inside wall temperatures at the downstream end 
of a film-cooled test section. In an experiment the film- 
coolant flow rate was decreased in steps and those tempera- 
tures were noted. When the surface was completely covered 
with a liquid film the afore-mentioned thermocouples indi- 
cated temperatures corresponding to the boiling point of the 
liquid film coolant. When one or more of the thermocouples 
indicated a surface temperature which was rising above the 
boiling point of the film coolant, the experiment was termin- 
ated. Experiments were conducted with film-cooled test 
sections having different lengths and with different liquid 
film coolants. In all of the experiments the surface of the 
film-cooled test section was smooth. 

The curves of Fig. 5, being generalized curves, are inde- 
pendent of the diameter of the tube (cylindrical combustion 
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chamber).’° Fig. 5 also shows that the condition of the film- 
cooled surface has a relatively small effect upon the stability 
effectiveness. The curves indicate that the optimum operat- 
ing regime, from the point of view of minimum film-coolant 
flow rate, is where W* < 400. With W* > 400, the stability 
effectiveness decreases rapidly. 


4 Determination of Heat Transfer Coefficient h, 


The method employed for determining the heat transfer 
coefficient and its correlation is due to J. P. Sellers,!4 and the 
derivations are presented in (28). The following assumptions 
were made: 

1 The heat transferred through the wall wetted by the 
liquid film is so small that it may be neglected. 

2 Heat is transferred through the laminar sublayer by 
conduction alone. 

3 The ratio of the shear stress 7 to the heat flux qg at any 
distance y above the surface of the liquid film is constant. 

4 Aty = 0, or at the free surface of the liquid film, the 
shear stress is given by the conventional Fanning friction 
equation based on the main gas stream conditions. 

5 The film-coolant flow rate is smaller than approxi- 
mately 10 per cent of the hot gas flow. 

It can be shown that the resulting heat transfer correla- 
tion is given by 


(f/2)R’ 


st = 
Pr+R-1 


where St and Pr are the Stanton and Prandtl numbers for the 
7° It was shown (Ref. 10), where experiments were conducted 
with both 2- and 4-in. hot air ducts, that the data for both 
diameter ducts could be correlated under a given set of condition s 


as L = f (W/xD). Therefore, it is apparent that the cham A aor Y, VA, 


Rocketdyne Division, North American Aviation, Inc.; 


of Fig. 5 should be applicable to any diameter combustion cham- 


ber which is to be film cooled. 
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hot gas, respectively, f is the Fanning friction coefficient at the 
interface of the liquid film and the combustion gases, R is 
the ratio of the maximum velocity of the hot gas to its ve- 
locity at the interface of the laminar sublayer and the tur- 
bulent core, and R’ is the ratio of the mean velocity of the 
hot gas to its velocity at the interface of the laminar sublayer 
and the turbulent core. 

The data obtained at low values of film-coolant flow (where 
€, = 1.0) by (24), and also those obtained at Purdue Univer- 
sity, are correlated satisfactorily by Equation [14] for the 
values (R’-f/2) = 0.0093 and R = 4.50. It is worth noting, 
in passing, that for Pr = 1.00 and highly turbulent flow 
(RaR’), Equation [14] reduces the Reynolds analogy. 


5 Determination of Profile Effectiveness ¢, 


It was stated earlier that the profile effectiveness depends 
upon (a) the film-coolant injector, (b) the condition of the 
surface to be cooled and (c) the main propellant injector 
(hot spots). 

Referring to Fig. 7, it will be noted that to cool a given 
length of test section, Injector A required a larger film-coolant 
flow rate than did Injector B. In other words, Injector B 
gave larger values of profile effectiveness. 

Fig. 8 illustrates the design of Injector A. The liquid cool- 
ant flows through the hole in the top of the flange into the 
film-coolant manifold, and then flows through 72 milled 
grooves onto the “injector lip,’”’ where it is guided to flow in 

“the same direction as the combustion gases. The film 
coolant then enters the cylindrical test section through the 
circumferential slot formed between the injector lip and the 
inner wall of the film-cooled test section. The experiments 
showed that the injector lip could not be cooled adequately 
and consequently deformed nonuniformly. The deformation 
varied from point to point around the circumference of the 
lip, with the result that there was a circumferential variation 
in the width of the slot through which the liquid was dis- 
charged into the cylindrical test section. Consequently, the 
liquid film did not extend the same distance from the dis- 
charge plane of the film-coolant injector at all points around 
the circumference of the film-cooled test section. 

Fig. 9 illustrates the construction of Injector B; the latter 
was designed to overcome the disadvantages of Injector A. 
The liquid film coolant, after entering the film-coolant mani- 
fold, is injected into the combustion chamber through sev- 
eral tangential grooves, as shown in Section A-A; an enlarged 
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view of one of the grooves is presented as Section B-B. 
The liquid film coolant, therefore, enters the combustion 
chamber with a tangential velocity component. It is then 
swept downstream along the inner surface of the combustion 
chamber by the hot combustion gases. Experiments with 
Injector B showed that its inherent profile effectiveness was 
superior to that for Injector A. 

In order to compare the profile effectiveness of Injectors A 
and B, the heat transfer to the liquid film was calculated by 
means of [14]. The profile effectiveness was then calculated 
ly means of [6] employing the curve for a smooth surface 
in Fig. 5 to determine e, and the experimental data pre- 
sented in Fig. 7. According to those calculations, the value 
of the profile effectiveness was 50 per cent for Injector A and 
63 per cent for Injector B. The relatively low values for e, 
for both injectors are attributed to unavoidable localized 
hot spots in the rocket motor due to the characteristics of 
the main propellant injector. 


6 Effect of Film Cooling on the Performance of 
a Rocket Motor 


It is desirable to have data regarding the loss in the specific 
impulse of a rocket motor due to film cooling. For a film- 
cooled rocket motor developing the thrust F, the specific 
impulse J is defined by 


: 
[15] 


where W, and W, are the oxidizer and fuel weight flow rates 
respectively. 


CONVECTIVELY— = 
COOLED “ -—FILM COOLANT CAVITATING 
SECTION / MANIFOLD VENTURI 


oc. 
| 


COOLANT 
INLET 
zz 


| FILM COOLANT 
INJECTION SLOT | 
GAS FLOW 
| 
COOLANT 
| our 
} 
ANT THERMOCOUP! 
ee DEVELOPMENT OF 2 SETS 
} OUTLET | 
1 OF COOLANT PASSAGES 
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‘The decrease in specific impulse due to film cooling can be 
determined by operating two geometrically similar rocket 
motors, one regeneratively cooled and one film cooled, at 
identical values of combustion pressure and mixture ratio, 
and measuring their specific impulses. Since the difference 
in the specific impulses would be small in any case, at most 
only a few per cent, it is necessary to measure the two values 
of specific impulses with great accuracy. Since it is difficult 
to measure them with the required degree of accuracy, few 
(if any) reliable data on the effect of film cooling on rocket 
motor performance have been reported. For those reasons 
a different method was employed in the experiments discussed 
herein. 

Fig. 10 illustrates the film-cooled test section of the rocket 
motor employed in the experiments. The film-cooled test 
section is also convectively cooled.!? It is possible with that 
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Fig. 11 Effect of film-cooling with water on performance 


test section to vary the film-coolant flow rate so that the 
liquid film will extend different distances down the wall 
of the test section without overheating occurring in those 
regimes where there is no film cooling. During an experi- 
ment, which lasted approximatey 2 min, the film-coolant flow 
rate was decreased in steps from approximately 0.2 Ib/sec 
to approximately 0.05 lb/see. Fig. 11(a) presents the specific 
impulse! as a function of the per cent film-coolant flow rate" 

12 The test section has twelve convectively cooled sections 
by means of which the heat transfer to each half-inch section of 
the test section may be measured. Therefore, the reduction in 
heat transfer due to film cooling may be measured as a function of 


length. 
13 Corrected for heat transfer by the method employed in (4). 
144The per cent film-coolant flow indicates the percentage of 
the total flow which was introduced into the rocket motor as a 


film coolant. 
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for two such runs; each was conducted at a propellant oxi- 
dizer/fuel ratio of about 4.5 and a combustion pressure of 
500 psia, with water as the film coolant. For each experiment 
the data are seen to be consistent, although the curves for 
the two experiments are not in complete agreement with each 
other; the difference between the two curves represents the 
experimental error. To obtain an “effective specific impulse’”’ 
corresponding to zero film-coolant flow, each curve was extra- 
polated to zero film-coolant flow. 

If the per cent error in measuring the specific impulse has 
a certain magnitude for one value of film-coolant flow, it is 
reasonable to expect that the same per cent error was present 
for all values of film-coolant flow during the same experiment. . 
Furthermore, it is reasonable to assume that the effective 
specific impulse for zero film-coolant flow will also be in error 
by the same percentage. For any value of film-coolant flow 
rate, the per cent loss in specific impulse, denoted by 6/, 


is calculated from 
él = 100 (= [16 | 
Io 


where J, is the effective specific impulse for zero film-coolant 
flow, and J rc is the specific impulse for any particular value of 
film-coolant flow rate. It is seen from [16] that when the 
errors in measuring the specific impulses are consistent, they 


-eancel out when calculating 6/. 


Fig. 11(b) presents the per cent loss in specific impulse 


‘as a function of the per cent film-coolant flow for film cooling 


with water, as obtained by applying [16] to the two curves of 
Fig. 11(a). It is seen that the scatter of the data is quite 
small, indicating that the method employed for obtaining the 
curve is adequate. Furthermore, only two or three experi- 
— are since pam determining such a curve, 


‘The basic considerations pertinent to the film cooling of a 
circular duct have been presented. It is apparent that before 
film cooling of rocket motors can be put on a sound engineer- 
ing basis, additional experimental data are required on e,, 
e, and h,;. For the present time the required film-coolant 
flow rate may be estimated by employing Equation [6], 
where e, is evaluated by means of Fig. 5, €, may be estimated 
from the values reported in Section 5, and hy; may be calcu- 
lated by means of Equation [14] employing the values of 
(f/2)R’ and R suggested in Section 4. Additional experiments 
are needed to determine the effect of film cooling upon the 
performance of a rocket motor when using reactive film cool- 
ants such as jet engine fuel, white fuming nitric acid, etc. 
Current investigations at the Jet Propulsion Center are con- 
cerned with obtaining part of the information. 

The semitheoretical method for calculating the required 
film-coolant flow presented in this paper may be employed 
for estimating the required film-coolant flow rate for cooling 
a nozzle (film coolant being injected at one or more locations 
along the wall of the nozzle). In that case the nozzle is 
divided into several sections by parallel planes perpendicular 
to the axis of the nozzle, and eac h section is analyzed sepa- 
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The propellant grain for a solid fuel rocket must be de- 
signed with a configuration that maintains the stress con- 
centration factor at the minimum practical value to 
achieve the maximum resistance to the various mechanical 
and thermal stresses the grain may undergo during the 
normal service life of the rocket. In an attempt to estab- 
lish a systematic approach to this design problem for in- 
ternal-burning star-perforated grains an investigation was 
made on the quantitative relationships between the var- 
ious parameters of grain geometry and the elastic stress 
distribution in the propellant. Photoelastic stress analy- 
ses were made on a family of thick-walled cylinders with 
symmetrical internal slots of various width, depth and 
shape covering the range from 2 to 16 slots. Experiments 
simulating static internal hydraulic loading were made on 
thin sections of these cylinders. From the data obtained, 
engineering design charts were prepared showing the 
maximum stresses developed as a function of the number 
of slots, the width of the slot, the wall thickness and the 
shape of the star point. These charts can be used to de- 
termine the maximum stress developed in any prescribed 
configuration within the family investigated providing the 
properties of the propellant are in the elastic range. 


Nomenclature 


a = radius of the inner surface or locus of star points 

b = radius of the outer surface of the grain : 

d = slot width 

f = fringe-value constant of the specimen material 

K = stress-concentration factor or the ratio of the number of 
fringes n at any point to the number of fringes which 
would exist in a thick-walled cylinder of equivalent wall 
thickness 

K; = stress concentration at the inner surface 

K, = stress concentration at the outer surface 


n = number of fringes in the photoelastic patterns 

N = number of star points or slots in the configuration 

Po = pressure on the.outside of the grain (positive inward) 
pi = pressure on the inside of the grain (positive outward) 

r = radial distance to a point of interest in the cylinder wall 
t = thickness of the photoelastic test specimen 

W = web thickness = b — a 

@ = angular position coordinate 

w = angle between adjacent sides of the star point 

p = fillet radius at a star point 


Presented at the ARS 11th Annual Meeting, New York, N. Y., 
Nov. 26-29, 1956. 
A. 4 


Fig. 1 Typical model of a star-perforated internal burning grain 
showing the isochromatic patterns caused by simulated internal 


pressurization 


pr = fillet radius at the corners of a flattened star point 
or = radial tensile stress in a star-perforated grain tube 
&, = radial tensile stress in a thick-walled cylinder 

og = tangential tensile stress in a star-type configuration 
te = tangential tensile stress in a thick-walled cylinder 


Introduction 


NTERNAL-burning propellant grains with star-shaped 

perforations of the type shown in Fig. 1 have been used ex- 
tensively for solid fuel rockets for at least six years, primarily 
because they can be used where the grain must be case- 
bonded or where heat insulation of the motor tube is required 
to permit the use of lightweight metal parts. Other advan- 
tages of this type of grain configuration are broad flexibility 
in grain design (1), and generally higher loading densities 
than can be obtained with most external-burning types of 
propellant charges. However, the internal-burning grain with 
the complex perforation is subject to the inherent weakness 
that stress concentrations which occur around the small angles 
of the star points tend to aggravate any susceptibility of the 
propellant to mechanical failure. In some situations this can 
be a critical factor, since handling or firing of the rocket may 
impose stresses on the grain either as a result of thermal effects 
(2), particularly where the propellant is bonded to the motor 
tube, or from momentary pressure differences across the wall 
or web of the grain. 

When handling or firing stresses are imposed on the 
propellant, the small angles of the star points produce the 
familiar notch stress concentration effect (3). Under con- 
ditions where the propellant is susceptible to failure without 
plastic deformation, this notch effect can reduce the resistance 
to a fracture in direct proportion to the value of the stress 
concentration. For example, in a severe case the maximum 
stress around a star point (or notch) ina grain with a complex 
perforation shape may be as much as eight times that which 
occurs in a simple thick-walled cylinder with an equivalent 
thickness. Where such a stress concentration is developed, 
a pressure differential across the web can produce eight times 
the tensile stress which would occur in a comparable tubular 
grain. This stress can contribute to mechanical failure of the 
propellants and consequent malfunction of the rocket motor. 


3’ Numbers in parentheses indicate References at end of paper. _ 
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To minimize the probablity of mechanical failure it is 
essential to maintain the geometrical stress concentration fac- 
tors at the lowest practical level, particularly where service 
conditions are expected that may subject the propellent grain 
to appreciable unsupported internal pressures. It is also de- 
sirable to allow maximum freedom in selecting grain geometry 
and motor dimensions (4). However, when the design para- 
meters must be balanced to achieve features like maximum 
loading density and minimum burning time while maintaining 
an essentially constant burning surface and a reasonable port 
area through the charge, there is only slight freedom of choice 
in selecting an ideal configuration to minimize stress concen- 
tration. 

Previous investigators have used photoelastic techniques to 
evaluate the stress distributions in certain grain configura- 
tions and to show what general types of designs should give 
the best results (5). The results of this previous work were 
extremely valuable to the design engineer, but the techniques 
used made it necessary for him to analyze each shape individ- 
ually. General guide lines were established for selecting or 
improving a grain design, but it was not possible to make a 
quantitative analysis of a series of shapes without direct 
laboratory observations. In an attempt to provide a more 
direct approach to grain design, the work described herein was 
undertaken to establish quantitative relationships between 
the various parameters of grain geometry and elastic stress 
distribution in the propellant. 

The present paper is devoted to the analysis of stresses 
resulting from pressure differences across the web or wall of 
cylindrical internal-burning grains, primarily those with 
star-shaped perforations (a few exploratory tests were also 
made on a grain with a square cross section and a square 
perforation). For most engineering purposes the similarity 
between the stress patterns produced by internal pressure on 
unsupported grains and differential thermal expansion in 
case-bonded grains is sufficient to warrant at least cautious use 
of the design charts presented for work on the case-bonded 
units. The case-bonded problem was not studied in the 
experiments reported‘ but it will be the subject of a separate 


temperature differences across the web of the propellant grain. 


ct, Application of Photoelastic Techniques 


To the best of the authors’ knowledge the first published 
work dealing with a photoelastic study of stresses in propellant 
grains was that reported by Durelli and Lake® which was 
summarized in a later paper, in which particular emphasis 
was placed on the experimental techniques (5). Aside 
from a few minor deviations, Durelli’s conclusions and 
results were employed in the studies covered by this paper. 

These studies considered the problem of a long cylindrical 
hollow tube with a constant-radius external boundary and an 
arbitrary regularly distributed or periodic internal boundary 
loaded by uniform internal pressure. Such a problem is 
known as one in plane strain, which can be treated as an 
analogous problem of plane stress, which in turn is amenable 
to photoelastic analysis. It is immediately evident, however, 
that to impose a uniform internal pressure upon many vary- 
ing internal contours is a time-consuming experimental prob- 
lem. One is therefore led to inquire if, for engineering pur- 
poses, the same results can be obtained by imposing an ex- 
ternal pressure upon the external fixed boundary. Thus the 
internal configuration could be altered more or less at will while 
retaining the same experimental setup. This point has been 
explored by Durelli (5) and answered in the affirmative for a 


4 First-order correction factors for the case-bonded grain 
subjected to a pressure loading or uniform heating are indicated, 
however. 

5 Published only as an Armour Research Foundation Progress 
Report. 


INTERNAL-BURNING STAR CONFIGURATION 
WITH FOUR SLOTS (STAR POINTS) 


CYLINDER 


Fig. 2 Typical cross section of an internal-burning star-per- 
forated i and a cross section of a thick-walled cylinder with 
equivalent web thicknesses 


alii grain. This conclusion was extended to other 


grain shapes for the work reported herein. This extension is 
regarded as justified in view of the preliminary nature of the 
study and of some theoretical analysis of stresses in configura- 
tions at the extreme limits considered. 

In a thick-walled hollow cylinder subjected to uniform in- 
ternal and external pressure, as shown by Fig. 2, elementary 
elastic analysis leads to the following expressions for the 
radial (o,) and tangential (a9) stresses (6) 


. Pp) , ap: — Up, (1) 
a*h(p, — Pi) — b*p, 
=—- 
— a?) + b? — a? (2) 


where p; and p, are the positive inside and outside pressures, 
respectively, and where r is the radial distance to a point in the 
cylinder wall. Inasmuch as the axial symmetry of the geo- 
metry and loading is such that no 7, shear stress exists, 
&, and &» are principal stresses o, and o», and their difference is 
proportional® to the fringe order by the stress optic law (7). 


paper along with an analysis of thermal stresses caused by 2Ap,—p,) (b\? 


t (b/a)? — 1 


Here, then, the fringe order is proportional only to the 
pressure difference across the wall. This latter fact plus 
Durelli’s conclusion for the six-slotted grain supports a gen- 
eralized conclusion for engineering purposes in any other con- 
figuration which is approximately axially symmetric (inde- 
pendent of the angular position @ at any angular cut). 

The experimental] setup, following Durelli, consisted of a 
nitrogen-pressurized rubber tube contained on three sides by a 
steel housing and on the fourth side by the external boundary 
of the specimen, which was made from (nominal) !/,-in.-thick 
sheets of CR-39 transparent resin.’ After calibrating the 
gage pressure against effective pressure using thick-walled disk 
specimens and Equation [3], photographs were taken of the 
fringe patterns resulting from the various configuration 
changes. The results contained herein are presented in terms 
of the ratio of n, the experimentally determined number of 
fringes at a point, to , the number of fringes which would 
exist in a thick-walled cylinder. Thus we find 


which is a measure of the stress concentration. In normal 
use, a stress concentration factor is the ratio of a single actual 
stress to a single nominal stress. However, the previous defin- 
ition is chosen as more appropriate for this study in accord- 


6 For the specimens used in these tests, 2f/é = 308 psi per 
fringe. 

7 Columbia Resin Type CR-39, available from Cast Optics 
Corp., Riverside, Conn. 
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ance with the remarks upon the sensitivity of the fringes to 
pressure difference. Actually, at an unloaded boundary one 
of the principal stresses would be zero, and the two definitions 
become identical. 


An Unsupported Outer Wall 


If, for example, the results are applied to the situation in 
which only internal pressure is applied and the external bound- 
ary is unloaded, the radial stress a, would be zero on the out- 
side periphery (indicated by a zero subscript), as would the 
comparable value &, in the thick-walled cyclinder. Therefore 
using Equations [3 and 4], the following expression is derived 
relating the tangential stress to the stress concentration 


factor 
2 
Ps Pi (b/a)? 
On the internal boundary r = a, ¢, = —p,, and the thick-wall — 
Psy 
stress is also equal to —p;._ Hence 
2( —pi) (°)' 
—p;) — = — 8) = K; — 
( 96; i(6, 6) (b/a)? 
> 
or 
Pi 1 — (a/b)? 


Using Equations [5 or 6] the boundary tangential stresses 
developed in the propellant grain resulting from internally 
applied pressure can be determined when the stress concen- 
tration factors (K; or K,) are known. To facilitate this 
determination the factors 


(b/a)? — i 


2 
— (a/b)? 
have been plotted in Fig. 3 as functions of the web fraction 


W/b. The experimental determination of the stress concen- 
traction factors K, and K; is discussed subsequently. 


A Case-Bonded Outer Wall 


Because the number of fringes depends only upon the pres- 
sure difference across the wall, and because the restraint on 
the outer boundary due to a case or shell of different material 
introduces no‘appreciable shear stress 7,9 in the grain but acts 
essentially as some equivalent (uniform) exterior pressure, it is 
permissible—to the degree of our present approximation—to 
assume that the geometric stress concentration factors are the 
same as in the case of an unloaded boundary. Thus if the 
subscript ¢ refers to a case-bonded quantity, with the case 


4 
2 
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MULTIPLICATIVE FACTORS 


4 
0.30 040 


WEB FRACTION (W/b) 


020 


Fig. 3 Multiplicative factors used with the stress concentration 
when determining actual tangential stresses from applied 
pressure 
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thickness, h = c — b, of material with Young’s modulus and 


Poisson’s ratio EZ, and v,, respectively, we have for the plane 
stress problem 


0,, — 0a, = K(6,, — &,)... 


. . 
_ For the internally loaded, uniformly thick case-bonded con- 
‘figuration, elementary plane stress analysis leads to 


E. 
— 


b\?2 
(b/c)? — 1 ]| 
b/a)? 

(8) 
upon matching the stresses and displacements across r = 
b and requiring ¢,(c) = 0. Note that for h = 0 (i.e., ¢ = 5) 


the stress difference becomes identical with [3] for zero ex- 
ternal pressure. Inasmuch as for most cases the shell thick- 
ness is small compared to the grain radius (viz. h<<6), 
Equation [8] can be simplified to the approximate relation 


Because of the displacement interaction between the two 
materials at r = 6, solutions for the plane strain (cylinder) and 
plane stress (flat slice) problem are no longer exactly inter- 
changeable. They are, however, simply related when end 
effects on the cylinder are neglected; using the customary 
correlation,* the (E,/E) ratio in [8a] becomes (E,/E) (1 

On the internal surface, r = a, where the pressure is ¢, = 
— p,, it is found that the circumferential stress, using [7 and 8a], 


2( —p,)(b/r)? 
(b/a)? — 1 


(E./E) h 
(b/a)? — ‘1b 


Tc 


becomes 

2 BEB. h 
1 — (a/b)? (b/a?-—1 E 1—»v2 b 


[9] 


which reduces to [6], as it should, in the case that there is no 
shell; ie., h = 0. 

It should be emphasized that the K; in [9] is the same quan- 
tity as given in the design curves; further it may be observed 
that for the same internal pressure, the internal circumferential 
stress when the grain is bonded is smaller by the correction 
factor in the bracket. A similar calculation can be easily 

carried out for other stress quantities of interest, as well as for 

the related aia of a uniform heating or cooling of the 

assembly, 


Parameters of Grain Geometry and 


Stress Distribution 


In investigating the relationships between grain geom- 
etry and stress distribution the parameters which were 
studied included the number of slots (star points), the 
ratio of slot width d, or fillet radius p, to the minimum web 
thickness,’ and the angle w between adjacent sides of the slot. 


8 See, for example, Timoshenko and Goodier, “Theory of 


Elasticity,” 2nd edit., McGraw-Hill, 1951, p. 408. 


9 The parameter web fraction W Tb may be used interchange- 
ably with web ratio b/a inasmuch as W/b = 


1 — (a/b). 
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Fig.4 Experimental data for an eight-slotted grain showing the 
internal stress concentration factor as a function of web thickness, 


fillet radius and web fraction 
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Fig. 5 Experimental data showing the effect of the number of 
slots on stress concentration factors for two different constant 
web fractions 
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Fig. 6 Experimental data showing the external stress concen- 
tration factor as a function of web thickness, fillet radius and the 
number of slots for various web fractions 


Models of the grain designs investigated were machined from 
sheets of CR-39 resin. These models were subjected to a 
series of pressures, usually around the external surface, using 
the experimental apparatus previously described. Stress 
patterns were photographed using monochromatic polarized 
light. Fig. 1 shows a typical example of the stress distri- 
_ bution patterns obtained. 
_ In general, the systematic variations in each design para- 
meter were made by successive machining operations on one 
specimen. For example, the models with the thinnest and 
shortest star points were prepared first. After the observa- 
tions on the first form of the model were completed, subsequent 
designs were prepared by additional machining to remove 
more material for the longer and wider slots or star points. 
The actual experimental data are shown in Figs. 4 to 6, ex- 
pressed as functions of the desired variables in terms of the 
inside (K;) and the outside (K,) stress concentration factors. 
In order to obtain the maximum utility from this very 
limited amount of data, considerable cross-plotting, inter- 
polation and extrapolation, such as are described by Neuber 
(3), and by Heywood (8), were used to construct the design 
charts shown by Figs. 7 to 13. Although the effects of the 
various design parameters are interrelated in a rather com- 
plicated fashion, the following general observations can readily 
be made by examination of the design charts: 


1 Stress concentrations vary directly with the web thick- 
ness W = b — aand inversely with the fillet radius p. 

2 Stress concentrations decrease as the web fraction W/b 
increases. 

3 For a given web thickness and fillet radius the stress 
concentration decreases as the number of star points is in- 
creased. 
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Fig. 7 Design curves showing the effect of web thickness, fillet 


radius and the number of slots on the internal stress concen- 
tration factor for two different constant web fractions 
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4 Internal stress concentration factors drop rapidly as 
the star-point angle is increased from 0 to 180 deg. 

5 Thestress concentration for a configuration with a given 
web thickness can be decreased by increasing the width of the 
slot. 

From the design curves of Figs. 7 to 13 the geometrical 
stress concentration factors can be determined for any partic- 
ular grain shape within the boundaries of the various designs 
considered. The factor obtained by this method can be used 
with the multiplicative factors (Fig. 3) to determine the maxi- 
mum stress in the propellant for any applied internal pressure 
providing the propellant remains in the elastic region. In 
addition, for a given configuration the effects of varying any, 
or a combination, of the major grain-design parameters (i.e., 
the number of star points, the depth and width of the point 
or slot and the fillet radius) can be estimated with useful en- 
gineering accuracy without experimental observations. 

In conjunction with the analysis of the effect of the star- 
point angle, Fig. 12 is presented to facilitate determination of 
the stress ratio R from the values of the angle w, the fillet 
radius p and the inner radius a. These curves enable the 
determination of the stress concentration factor K;(w) for 
a particular angle in terms of the factor K; (0), which would 
apply if the star point was a parallel-sided slot (w = 0). 
Conveniently, the data required to determine this latter 
factor are available in Figs. 7 to 10. The stress concentration 


factor for the particular angle of interest is then found from 
the expression 


= 1+ R[K{0) —1])............ [10] 
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Fig. 8 Design curves showing the effects of web thickness and 
fillet radius on the internal stress concentration factor as a 
function of web fraction for six- and eight-slotted configurations 
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Fig. 9 Design curves showing the effects of web thickness and 
fillet radius on the internal stress concentration factor as a 
function of web fraction for ten slotted configurations 
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Fig. 10 Design curves showing the effects of web thickness, 
fillet radius and web fraction on the external stress concentration 
factors for various numbers of slots 


Fig. 12 was prepared using a modified parameter for Hey- 
wood’s (8) suggested curves for predicting the effect of open- 
ing angle w from a known value at w = 0. Since these curves 
were constructed for shallow notches, they are not necessarily 
applicable to the deep slots or star points typical of the grain 
designs considered for the present work. On the other hand, 
the experimental data, although not definitive, suggest that the 
same curve could be used as a first approximation by replacing 
Heywood’s parameter p/h, where h is the depth of the shallow 
notch, by p/a. This substitution was used to construct the 
design curves given in Fig. 12. This matter should perhaps 
be the subject of further study. 

Another variation which is often considered in grain design 
is the widening of the slot while flattening the point. In a 
preliminary study of this variation, one rather limited test 
was made to evaluate the effect of the interrelated variables of 
slot width and fillet radius on the circumferential stress mid- 
way between the sides of the slot. Fig. 13 shows (a) the test 
data obtained for an eight-slotted specimen with 25 per cent 
web fraction, and (b) the suggested design chart. As might 
be suspected from St. Venant’s principle, the maximum varia- 
tion occurs within the range !/2< w/d <2. 

One other shape briefly examined was a square internal 
contour with either a square or circular external contour.’ 
For some of the tests made on this grain shape, the pressure 
was applied internally as well as externally to check the con- 
sistency of the data. For the internal pressure tests a rubber 


tube was again used as the loading device with a central filler 
contour also made of CR-39. Two thick parallel Lucite 
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Experimental data showing the effect of the star point 
angle on the internal stress concentration factor 


plates—to all intents and purposes insensitive to polarized — 16 


light—were installed with suitable spacers on opposite sides of 
the specimen to absorb transverse pressure. The assembly 
was completed by bolts through the central portion and 
aligned along the axis of the specimen. 

Fig. 14 shows the test data and design curves obtained for 
this configuration. 


The tangential stress in the fillet at the = ie 
inside boundary is shown as a function of the web — vies _ 


The lower curve was estimated from Figs. 9 and 10 assuming a 
four-slotted grain with w = 90 deg. It can be seen that the 
shape of circular contour has significantly lower stresses. 
Experiments also showed that when the four outside corners 
of the square configuration were rigidly supported the stress 
patterns were essentially unaltered over the range tested. 
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Fig. 12 Tentative design curves for determining the effects of 


the star point angle on the stress concentration 
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Fig. 13 Design curves for determining the effects of slot width 
and fillet radius on the stress concentration at the mid-point of a 
slot 
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Fig. 14 Some effects of the principal design parameters on stress 


concentration in a square grain Pel 


In summary, it can be said that the results of this investiga- 
tion substantiate what the designer might reasonably predict 
since they indicate that stress concentrations in rocket grains 
can be reduced by: (a) Reducing the web thickness, (b) in- 
creasing the fillet radius, (c) increasing the web fraction, (d) 
increasing the number of star points, (e) increasing the star- 
point angle and (f) increasing the width of the slot (or star 
point). 

Further, by charts, stress concentrations and actual stress 
values can be rapidly determined as functions of the major 
design parameters and the applied pressure without the need 
for direct measurement. As a result, within the limits im- 
posed by other considerations, the grain designer should be 
able to select a balanced configuration to minimize stress con- 
centrations for the first prototype of a new development. 

Finally, it should be emphasized that the purpose of the 
investigation was to obtain some data which would provide 
a basis for quantitative design. It should be obvious that 
accuracy suffers whenever a great deal of cross-plotting and 
extrapolation is employed to extend a limited amount of test 
data. Nevertheless, it is believed that for the variations 
examined, in the absence of specific information to the 
contrary, the suggested design charts can be used until re- 
lated loading and environmental conditions become better 
defined. 


Conclusions 
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In the twelve years since concentrated (90 per cent) 
hydrogen peroxide was first manufactured, a great deal of 
effort has been expanded toward the development of 
methods of handling and transporting this propellant with 
maximum simplicity and safety. This paper discusses 
the methods of handling hydrogen peroxide commercially, 
outlines the requirements of hydrogen peroxide tactical 
service vehicles, and presents examples of field service 
units which embody the principles outlined. 


Introduction 


INETY per cent hydrogen peroxide is a liquid propellant 
. % which has found many military uses, both as a mono- 
propellant and as an oxidant in bipropellant systems. As a 
monopropellant it has been used chiefly for gas generation to 
power turbo-pumps for pumping other propellants. Typical 
of this is the use of H.O» in the Viking rocket. As an oxidant 
it provides 0.423 lb O./lb of 90 per cent H.O.. Examples of 
the use of H,O, as an oxidant in two fluid systems are the 
German torpedo and Walter Cycle submarine developments. 
The propellant characteristics of HO. have been discussed in 
papers by Davis, Bloom, and Levine (1)* and by Bellinger and 
others (2). A discussion of certain items of equipment de- 
veloped or tested for handling H,O. was presented by Davis 
and Keefe (3). 

Present methods of commercial shipment of high strength 
hydrogen peroxide are satisfactory but for tactical purposes 
these methods do not have the flexibility required for field 
support or military operations. Therefore several tactical 
vehicles for the transportation of high strength hydrogen per- 
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oxide were designed and constructed with the use of readily © 


available commercial equipment. 

In this paper we wish to discuss the methods for the field 
transportation of concentrated hydrogen peroxide with em- 
phasis on the recent development of these H.O. transfer 
trucks. 


Methods for the Commercial Transfer and 
Handling of H,0. 


The present methods for the commercial shipment of con- 
centrated H,O2 are drum shipments by rail or truck, railway 
tank car and special H,O, tank trucks as shown in Fig. 1. 


Drums 


Aluminum alloy 1060 drums, type 42D, are approved by the 
Interstate Commerce Commission for shipping H.O.. Single- 
headed drums are used for full carload shipments and the 
double-headed drums for less than carload shipments. All 
drums are provided with top filling and venting connections. 
The vent opening is covered with a slit plastic disk that opens 
at about 3-psi differential pressure for venting, but prevents 
splashing and spillage of H.O, if the drum is accidentally 
placed on its side. 
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nsportation of Concentrated Hydrogen Peroxide 


Unloading the drum is usually accomplished by a siphon. 
Pressurizing the drum is never recommended. 

The drums are normally filled with 250 to 300 lb of 90 
per cent H.O. which leaves approximately one quarter of the 
volume empty to reduce the possibility of spillage. Ninety 
per cent H.O. can be shipped and stored for long periods of 
time with no appreciable loss in concentration. A check 
test on ten drums which had been in transport and storage for 
periods up to three years showed an average loss in concentra- 
tion of 0.9 per cent per year. 


Railway tank cars for H.O2 service are available in 4000, 
6000, and 8000 gal capacities. These cars are made of 1060, 
5652, and 5254 aluminum alloys; 5652 and 5254 alloys have 
higher tensile strength than 1060 aluminum and their use 
affords a saving in weight. 

Each car is equipped with a dome on which an inspection 
manhole is mounted. The outlet connection and a vent are 
also located on the dome. The cars are unloaded and filled 
through the top connection. 

All H,O, storage tanks are provided with filter vents to 
prevent pressure building up in the tanks in the event of de- 
composition of the hydrogen peroxide. Vents are protected 
by means of a filtros stone to prevent dirt and dust from the 
atmosphere contaminating the hydrogen peroxide and causing 
decomposition. In the event of gross contamination, dilu- 
tion and dumping of the contents is mandatory since the de- 
composition reaction is exothermic and the vents will not be 
able to prevent pressure buildup in the containers. 


f 


Railway Cars 


. Tank Truck Trailer 

The 2500-gal H.O, tank truck trailer is normally used for the 
commercial transfer of H.O2 concentrations up to 50 per cent, 
but is built of materials suitable for the handling of 90 per 
cent H,O. as well. The trailer is designed for use with stand- 
ard tractors. It is equipped with a gasoline-powered alumi- 
num self-priming pump and carries several lengths of suction 
and discharge hose. This makes the trailer a self-contained 


unit that can be loaded or unloaded without the tractor. 


Commercial methods for shipment of hydrogen peroxide 
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Fig. 1 
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Fig. 2 Field transfer trucks for shipment of hydrogen peroxide 


Requirements for Tactical Hydrogen 


Peroxide Service Units 
The requirements for a tactical hydrogen peroxide service 
unit are of two types: those which are general to any tactical 
service vehicle and those which are specific to a hydrogen 
peroxide unit. The general requirements for a tactical ve- 
hicle include the following: 


1 The vehicle should be ruggedly constructed for possible 


on-and-off road use. Only a minimum amount of simple 


maintenance should be required to provide satisfactory per- 


formance. 

2 Provisions should be made for operation under adverse 
climatic and visual conditions. Lights should be provided 
for night operation. Insulation and a heating system should 
be provided to prevent freezing of the truck water supply and 
critical system components. 

3 Operation of the unit should be simple and require no 
more than a crew of two semiskilled men. 


4 Inso far as is practical, spare parts and supplies for the i 


entire unit should be available in military stores. 
5 The unit should be self-contained. 
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tion of the transfer pumps and for generation of electricity for 
night lighting and operation of the electrical components 
should be provided by the main truck engine. Provision 
should be made for attendant functions such as a water supply 
as discussed below. 

Requirements which are specific to a hydrogen peroxide unit 
include the following: 

1 All parts which will contact the hydrogen peroxide 
should be made of suitable materials. In general, the storage 
tank and piping should be made of high-purity aluminum or 
selected aluminum alloys. System components such as the 
pump, meter and valves should be made of selected aluminum 


Power for opera-— 


alloys. A listing of suitable materials is given in a recent 
publication of the Bureau of Aeronautics (4). 

2 The design of each component in the system should be 
carefully selected. Designs incorporating areas, such as in- 
ternal threads, where the hydrogen peroxide might be trapped 
must be avoided. Hydrogen peroxide decomposes at a con- 
tinuous slow rate evolving oxygen gas which must be vented. 
Simple and smooth surfaces are desirable. The decomposi- 
tion of hydrogen peroxide is substantially a heterogeneous re- 
action and generally varies directly as the ratio of the wetted 
surface to liquid volume. Sufficient information is available 
today on a wide variety of acceptable components so that 
pumps, valves, meters and other components of proved de- 
sign can be selected. 

3 The hydrogen peroxide system should be installed to 
provide simple and foolproof operation. The use of three- 
and four-way valves will often eliminate the possibility of 
H.0, being accidentally trapped between two shut-off valves. 
Any place where H,O. might become trapped, such as might 
happen due to an error in the proper setting of valves, should 
be provided with a safety vent. The system should be de- 
signed so it may be completely drained prior to disassembly or 
replacement of a component. 
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Fig. 4 Hydrogen peroxide storage tank 


4 The system should be designed to prevent contamina- 
tion of the hydrogen peroxide. The storage tank vent should 
be equipped with a filter to permit breathing and venting of 
the evolved oxygen gas and yet prevent introduction of dirt 
from the air. The proper selection of valve designs and pump 
sealing glands will prevent entry of dirt along valve stems or 
pump shafts. The complete system should be cleaned and 
passivated for HO. service. Once passivated, it will remain 
passive as long as the system is used with H,O-2 and should not 
require periodic passivation. Once removed, hydrogen per- 
oxide should not be returned to the storage tank. If the 
H.O, has been transferred to a use tank, such as an aircraft 
tank, and this tank must be defueled, the H.O. should be 
discarded. 

5 Provision should be made for a water supply system for 
safety showers and for washing down any HO: spillage. 
This water tank should generally be of 50 to 100 gal mini- 
mum capacity. Provision should also be made for tools and 
safety equipment, including gloves, eye goggles, aprons, 
boots and disabled vehicle flares. 

6 A device to indicate satisfactory stability of the HO, is 
desirable. Temperature alarms are presently used to meas- 
ure the H.O. temperature and give a visual and sound alarm 
in the event of excessive temperature rise due to self-heating 
of the H.O, resulting from contamination. Work is presently 
being done to develop a device to indicate gas evolution and 
activate an alarm in the event of HO. contamfnation. 


Examples of Tactical Service Units 


Examples of tactical service vehicles are shown in Fig. 2. 
A typical schematic drawing for the H.O, flow system for such 
(Continued on page 677) 
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Technical Notes 


Time Dilatation in Space F light 


H. G. LOOS! 


Propulsion Research Corp., Santa Monica, Calif. 
ie THE December 1956 issue of Jet Proputsion, Kurt R. 


Stehling presented in ‘Space Flight Notes’ a review of 
opinions and arguments concerning time dilatation. 


Whether one believes that time dilatation is true or not, the — 


following facts should be realized. 

The theory of relativity may be divided into the _ 
theory and the general theory. The special theory of rela- 
tivity is restricted to intercomparison of measurements made 
by observers which have a uniform velocity with respect to 
cach other in a gravitation-free part of space. The time dila- 
tation is a direct consequence of the two postulates of the 
special theory of relativity. However, the formula 


At! = AtW/(1 — (1] 


where At and At’ are time intervals on earth and in the space 
ship, respectively, applies only to time intervals during which 
the space ship has the constant velocity v or —v with respect 
to earth. If the time for acceleration and deceleration of the 
space ship is very short as compared with the total travel 
time, Equation [1] gives an approximation for the relation 
between the elapsed times At and At’. 

The clock paradox would arise if the space ship were con- 
sidered as being at rest and the earth as moving; formal ap- 
plication of the special theory then results in the relation 


The mistake made is that with the rocket motor working, 
the space ship can only be considered at rest if a gravitational 
force field is applied that cancels the rocket thrust and that 
accelerates the earth. But then the special theory cannot be 
applied, so that the conclusion, relation [2], is false. There- 
fore, there is no paradox. 

The general theory of relativity is based on the relativity of 
all kinds of motion and includes gravitational effects. Clearly 
then, to describe the time dilatation in terms of a coordinate 
system in which the space ship appears at rest and the earth 
is moving, the general theory of relativity is needed. Accord- 
ing to the general theory, the rates of two identical clocks in a 
gravitational field differ by an amount Ag/c? where Ag is the 
difference in gravitational potential for the two clocks and c is 
the velocity of light. 

Tolman shows? that if the space ship is considered at rest 
and with the gravitational effect taken into account, the time 
dilatation agrees with Equation [1], at least for small ». 
There is no reason to believe that a contradiction would arise 
for more general cases. 

Time dilatation is a straightforward result of the hypotheti- 
cal basis of the theory of relativity. Therefore, we can only 
discard it by rejecting one or more of the hypotheses of rela- 
tivity. All experiments concerning macroscopic phenomena 
which would distinguish between Newton mechanics and 
relativistic mechanics so far have yielded results that confirm 
Received Feb. 15, 1957. 

1Senior Engineer, Supersonics Group. 

?Tolman, R. C., Thermodynamics and 
mology,”’ Oxford, 1934, 
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the relativistic theory. Therefore, until experiments prove 
otherwise, the theory of relativity is a satisfactorily precise 


description of macroscopic mechanics. But then, there is no 
reason to doubt the existence of time dilatation. 


au On the Slowing Down of Time 


Cc. CASCI 


, Istituto di Aeronautica del Politecnico di Milano 


B. BERTOTTI 
Istituto di Fisica dell’Universita’ di Pavia 


fen old and fascinating controversy of the slowing down 

time for a moving clock, which nowadaysis stirring great 
interest because of its possible—though rather abstract—as- 
tronautical consequences,' has been recently reported in Jet 
PROPULSION.? 

We would like to point out here that in 1918, in reply 
to a similar debate, Albert Einstein himself, the creator of 
the theory of relativity, gave an easy and clear-cut answer to 
the problem and to the objections put to him.* His answer 
to the question whether a moving clock is left behind a 
fixed clock is, ‘“Yes.’’ And he regrets that a number of 
physicists do not share this inescapable conclusion: ‘Mit 
Bedauern habe ich gesehen, dass einige Autoren, die sonst auf 
dem Boden der Relativititstheorie stehen, diesem unver- 
meidlichen Ergebnis ausweichen wollten.” 

His line of reasoning, expounded in a pleasant form of a 
dialogue between a critic and a relativist physicist, goes, 
briefly, as follows. A clock A (say) stays at rest in an in- 
ertial frame of reference, i.e., with respect to the fixed stars. 
Another clock, B, goes from A to another point far away, 
then turns and goes back. The theory of special relativity 
tells us with certainty that B, on arrival back at the starting 
point, records a shorter time than the other clock A. One, 
however, may object that the same considerations should 
apply for an observer moving together with the clock B: 
He should conclude that the clock A—which now from his 
point of view does move—is slower instead, which is con- 
tradictory. This argument is wrong. One cannot apply 
to the new frame the same consideration as before, because 
it is not an inertial frame, i,e., does not move uniformly with 
respect to the fixed stars. To such frames special relativity 
does not apply, and one has to call for the theory of general 
relativity. By the latter one can prove that any gravita- 
tional field has the same effect on clocks as the uniform 
motion, that is, slows them down. Now during the two in- 
tervals in which the clock A moves uniformly, A is left be- 
hind the other clock B; but while the clock A is turning, the 
observer experiences a field of force, since he is really changing 
direction of motion. This field of force, perfectly equivalent 
to a gravitational field, causes the clock B to slow down with 
respect to the other one, just the right amount required to 
agree with the previous result. 


1 We may quote here only a recent debate in Nature, vol. 167, 
1951, p. 680; vol. 177, 1956, p. 782; and a paper by Siinger, E., 
gi ‘Photon Rockets,’’ Aero Digest, vol. 73, 1956, p. 68. 

2 Stehling, K. R., “Space Travel and Relativity,”’ JET PROPUL- 
SION, vol. 26, Dec. 1956, p. 1105. 

Kinstein, Dialog iiber Einwinde gegen die Relativitits- 

theorie,’’ Die Naturwissenschaften, vol. 6, 1918, p. 697. 
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The experimental verification of this so-called “paradox” 
is not as far off as it would seem. The time dilatation factor 


V1 = v*/e? 


for the velocity attained by the artificial satellite is of the order 
of 1 — 3.5-10-"; now the precision of one part in 10" is 
quite within the reach of modern atomic clocks.‘ 


4 For a detailed discussion, see Singer, S. F., Physical Review, 
vol. 104, 1956, p. 11. 


- On the Hazards of Concentrated 
Hydrogen Peroxide 


RALPH BLOOM JR.! 


Becco Chemical Div., Food Machinery and Chemical Corp., 
Buffalo, N. Y. 


N THE March 1957 issue of Jer PROPULSION (pp. 296-298) 

there is an article on Patrick Air Force Base in which sev- 
eral references were made to hazards involved in handling con- 
centrated hydrogen peroxide. As presented, these hazards 
seem to be much greater than those of other monopropellants 
and oxidants, although experience has shown that they are 
not. We would like to point out wherein the information is 
in error or has exaggerated the situation. 

In the photograph on page 297 a technician is shown 
checking a drum of Becco 90 per cent by weight hydrogen 
peroxide to determine whether or not this drum was heating 
up from H,0, decomposition. The photograph is misleading 
in several respects. First, it is unnecessary for the man to 
wear face shield, apron and rubber gloves merely to check 
the drum temperature; only eye protection with close-fitting 
goggles is deemed necessary. During unloading of a drum 
this protective clothing is desirable in case of accidental 
spillage. If this protective clothing were always necessary, 
we could not ship drums of concentrated H,O- freely on pub- 
lic carrier under white label regulations. Secondly, the man 
could not adequately detect temperature rise while wearing a 
rubber glove on his hand. Thirdly, hydrogen peroxide does 
not “ignite’’; contrary to the caption it actually is a non- 
flammable material. 

At times pressure rupture of drums has occurred. How- 
ever, in every case brought to our attention it has been proved 
that HO. was removed and returned to the drum and hence 
probably contaminated, a practice which is contrary to Becco’s 
written instructions. Of the many thousands of drums of con- 
centrated hydrogen peroxide that Becco has shipped since 
first manufacturing this propellant in 1944, no unopened 
drum with the Becco seal intact has ever suffered contam- 
ination sufficient to attain self-heating of the H.O. with 
resultant drum rupture. 

The article indicates (p. 298) that hydrogen peroxide must 
be treated ‘‘very tenderly.” As mentioned above this pro- 
pellant has been shipped on common carrier for years under 
corrosive liquid regulations only. This cannot be classified 
as “tender” handling. Admittedly, careless handling of 
hydrogen peroxide, especially when the drums are opened for 
removal of liquid, might result in introducing contamination 
into the drum, with ensuing trouble. However, a cogni- 
zance of the instructions for handling, and reasonable atten- 
tion to the need for cleanliness, has been shown to be ade- 
quate for safety as evidenced by the fact that millions of pounds 
of 90 per cent H.O2 have been produced, shipped and con- 
sumed in the United States since 1944. 

It is stated that a “large speck of dust” will cause a danger- 
ous chain reaction in H,O, leading to a violent explosion. One 
could hardly envision commercial production and handling 


Received April 1, 1957. : 
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of a material that was sensitive to the effect of a “large 
speck of dust.’”’ Self-heating of H,O. containers was dis- 
cussed in a paper by E. 8S. Shanley of Becco, published in 
Industrial and Engineering Chemistry, vol. 45, July 1953, 
p. 1520. Referring to Table I and Fig. 1 of this paper, it will 
be noted that at an ambient temperature of 25 C (77 F) 
90 per cent HO», in a standard 30-gal shipping drum with a 
surface to volume ratio of 2.5 sq ft/cu ft, would have to de- 
compose at a rate in excess of 50 per cent per year to attain 
self-heating. We know of no material of sufficient catalytic 
activity to cause a decomposition rate of 50 per cent per 
year when present in minute quantities in 25 gal of 90 per 
cent H,O.. In fact, to intentionally contaminate H.O, for 
drum safety tests, we have found it necessary to use gram 
quantities of a specially prepared highly active catalyst to 
obtain a high rate of H,O, decomposition. History shows 
90 per cent HO, in drums decomposes normally at a rate of 
approximately 1 per cent per year under uncontrolled storage 
conditions. 


Fig. 1 Becco standard 30-gal aluminum H.O, shipping drum 
after 15 grams of dynamite were set off in 20 gal of 99.5 per 
cent HO, at 160 F 


We think that the above discussion should indicate that 
handling hydrogen peroxide is not “touch and go.” It is not 
detonable, as shown in tests reported by Greenspan and 
Shanley in Jndustrial and Engineering Chemistry, vol. 39, 
1947, p. 1536. Further, no untoward results occurred 
in more recent tests at Becco in which 15 gm of dynamite 
were set off in 20 gal of 99.5 per cent HO. heated to 160 F 
in a 30-gal standard, pure aluminum shipping drum. Fig. 1 
shows a photograph of the drum after this test. 

One does not consider gasoline a “touch and go”’ material; 
however, gasoline vapors normally present over the liquid can 
be readily ignited by a spark or a match without any warning. 
Hydrogen peroxide is very much less sensitive than this and 
always gives a warning of self-heating. 
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An Effect of Carbon in an Adiabatically 
Expanded Gas Stream 


S. A. GREENE! and L. J. GORDON? 


Aerojet-General Corp., Azusa, Calif. 


_ one is dealing with monopropellants which con- 
tain large amounts of carbon, the possibility of ob- 
serving decreased performance as a direct result of carbon in 
the gas stream must be considered. Carbon recovered from 
such propellants has an extremely small bulk density, par- 
ticle size and, of course, a relatively large internal volume. 
The possibility of the large internal volume communicating 
with the external surface through numerous, small, pore-like 
openings must also be considered. 

When one mole of monopropellant decomposes to 3 moles 

ot hydrogen and 5 moles of carbon of bulk density 0.03 
(H,0 = 1.0) at 50 atm and 2460 R, approximately 30 per 
cent of the gas is found in the internal voids of the carbon. 
Hydrogen gas is not adsorbed in these voids and the gas 
pressure within the voids is the chamber pressure. During 
flow through the divergent section of a nozzle, gas must es- 
cape from the internal voids in order to be available to do 
work. The small, pore-like openings would, of course, slow 
this process considerably, the net result being that all hy- 
drogen gas is not available for work. The expansion proc- 
ess through the pores, per se, of course does no useful work. 
Since the pore openings are oriented at random, escape of 
gas during expansion could conceivably create small areas 
of shock at the pore openings which would result in a further 
loss of performance. In order to calculate 7 for the solid-gas 

mixture without gas being trapped within the pores during 

C, of the solid-gas mixture as 


expansion, we define the C 


(1] 


where 
C, = mean specific heat at constant pressure of mixture 
ny = moles of gas 
n, = moles of solid 
C,* = specific heat at constant pressure of solid 
C,? = specific heat at constant pressure of gas 
£ 


The solid is assumed to be in thermal equilibrium with the 
gas and not to lag. 
The mean specific heat C, of the mixture at constant vol- 


ume is 
where 
= specific heat of gas at constant volume 
C’ = specific heat of solid at constant volume aoe 
But 
{ 
[3] 
where > 
R = molar gas constant 
and 
des 
[4] 


Using [1-4], 7, the specific heat ratio of the solid-gas 
mixture, is bai 
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For the same system where some gas is trapped within the 
voids 


C, = + + n° 


where 

n,' = moles of gas external to voids 

n,* = moles gas within voids 

*C,2 = specific heat of gas within voids at constant pressure 
and 

where 


°C? = specific heat of gas within voids at constant volume _ 


When the mixture is expanded through the nozzle we as- 
sume that gas within the voids does not escape and 


Then 
C, + 
[9] 


When n,' = n,, i.e., the gas pressure within the voids is al- 
ways equal to the bulk gas pressure during expansion, Equa- 


tion [5] is the same as [9]. a 


| Table 1 Calculated temperature fall and thrust available 
from an adiabatically expanded gas stream containing 


gases trapped in carbon 


Moles He 

available (°R) % Thrust 
910 100 
2.7 845 96 
2.3 
20 674 84 


For the system 5C + 3H, at 2460 R, expanded through a 
pressure ratio of 40, the temperature fall will depend on the 
amount of gas available for expansion; viz, external to the 
voids of the solid phase. Table 1 has been constructed for 
varying amounts of gas available; unavailable gas is as- 
sumed to be trapped within the voids and does not escape 
during expansion. The exit temperature was calculated 
from the expression. 


(¥-1)/¥ 

The specific heat ratio 7 was calculated from [9] at the — 
chamber temperature (2460 R) and was assumed to be inde- 
pendent of the temperature fall. The last column indicates 
the square root of the fractional enthalpy change or amount of 
thermal energy that is converted to thrust in an adiabatic — 
expansion as compared with optimum, and was calculated — 
from the expression 


> 


where 
Cp = + + 
Verification of the postulates put forward here would seem > 


to come from an experimental examination of chamber and — 
exhaust temperatures. 


| 
| 
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An Approximate Specific Impulse 


Equation for Condensable Gas Mixtures 


7 by a constant pressure cooling at P,, the exhaust pressure. 
: hae The entropies of the two steps are opposite in sign and may be 


4 KENNETH A. WILDE! 


Rohm and Haas Co., Huntsville, Ala. 


INCE the specific impulse of rockets is calculated directly 
from the enthalpies and velocities in the nozzle, such 
questions as the attainment of thermal, phase and velocity 
equilibrium by condensed particles are of great importance. 
The purpose of this note, however, is to study a relatively 
simple equilibrium model of the situation and reserve such 
kinetic problems as the above for future consideration. 
Specifically, it will be assumed that the equilibrium vapor- 
liquid and liquid-solid phase relations are followed, that the 
condensed particles essentially reach the temperature and 
velocity of the gases, and that radiation from the particles is 
negligible. This model has received several treatments 
in the past(1, 2, 3)? but attention has usually been confined to 
flow of solid (or liquid) particles without phase changes. 
Altman and Carter (2) have briefly considered flow with 
condensation but confined their attention to expansion of 
pure vapors and the criteria for the occurrence of condensa- 
tion or evaporation on expansion. Physically realizable 
conditions will always result in condensation for systems of 
interest in rocketry. The previous work will be discussed 
after formulas are derived for the general case of flow with 
condensation and solidification. 

The ideal specific impulse /,, may be given fairly generally 
in terms of the difference in enthalpy of chamber and exhaust 

g 7] q M 


where v, is ideal exhaust velocity; g, acceleration of gravity; 
h, enthalpy per unit mass; H, molar enthalpy; c, chamber 
conditions; e, exhaust conditions; and 17, average molecular 
weight over all species and phases. To an approximation 
which is usually well within the accuracy of the available 
thermal data, one can choose an average molar heat capacity 
Cc, and average heats of fusion AH, and vaporization AH. 
Equations [1] may then be written 


where y is the mole fraction of condensable species; g, gas 
phase; J, liquid; and s, solid. Thus 


The phase change heats in Equation [2] are frequently 
omitted in impulse calculations with condensation. The 
above equations and those following are written for only one 
(nonreacting) species, but the treatment could be (formally) 
extended to other condensed species. For nearly all cases of 
interest y,.=0 and y,.> y,- If T, is greater than the 
melting point of the condensable species, the fusion term is, of 
course, absent. (C, is given by 


where C,, is a suitable average with respect to temperature. 

With the chamber conditions given, the problem, as usual, 
is to find 7. This could be done rigorously by a trial and 
error process involving the equality of the entropy at chamber 
and exhaust, and suitable assumptions regarding the exhaust 


composition. However, an impulse equation in closed form 
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can be derived for flow with condensation (for frozen chem- 
ical reaction) as follows: Consider the nozzle expansion as 
taking place through an isothermal expansion to P,, followed 


- equated, since the over-all entropy change is zero. 


1. Isothermal expansion to P, dt 
i 


2. Constant pressure cooling to 7’, (“permanent’’ gases only ) 


> 
| 


,. the boiling point of the con- 
densable species at P,; and 77, the melting point which is 
taken independent of pressure. It has also been assumed in 
the above treatment that y,. > 0. 

There is another small entropy change due to the change in 
composition of the permanent gases after condensation. 
This may be calculated as follows 


where x is weight fraction; 7’, 


Before condensation: = Yigel?- 
After condensation: Diy. = 

where p is partial pressure, the superscript zero is the (fic- 
titious) state at the end of the isothermal expansion and the 
prime denotes the composition with respect to the gas phase 


only. The entropy change of the permanent gases is then 
given by 
( P*ige Yiige 
as, = 2 (Zein ie) ( R In [9] 
g M; igs g \M; sige 


Inspection of cases of interest shows that one can select a 
mean value of the heat capacity for solid, liquid and gaseous 
condensable species which is at least as good as most of the 
other parameters. After equating the over-all entropy change 
to zero, solving for 7, and substituting in Equation [2], the 
final result for /,,, is 


1 P.\ RU = 
I,, 


YAH, , yAH, R ) 
xp ( + = (1-y,) mn (1 — y,) 
exp ( CT,, Cr, a | Yoo) In ( Yo 


1/2 


/ 


4 + y,-Ah, + au, | [10] 


The effect of condensable gases (y,.) is seen to be twofold: 
An increase in enthalpy (impulse) due to the presumed re- 
covery of the phase change heats and a decrease due to the 
(exp) term and consequent increase of 7. An attempt was 
made to maximize [10] with respect to y,- for typical 
values of the other parameters and y,, > y,.2 The optimum 
value of y,, was greater than y, which means, of course, that 
the maximum of y,, lies close to y where y,, is not negligible; 
i.e., 7’. is close 7. In other words, the impulse increases with 
increasing amounts of condensable gas up to the point where 
the temperature does not fall enough for condensation, the 
impulse then decreasing rapidly as 7’, — T,,,. 
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If there are no phase changes on expansion, Equation [10] 
reduces to 


1 


Glassner and Winternitz (1) have considered expansion 
with no condensation but have included variable heat ca- 
pacities and the ratio of the solid velocity to the gas velocity. 
A trial and error process involving 7, is necessary to solve 
their equation. With constant heat capacities and velocity 
equilibrium, their expression reduces to Equation [11]. 

An expression similar to [11] frequently quoted (2) in both 
theoretical and experimental impulse work is 


= —+2nkT,| 1 — | — — 
where no is the number of moles of gas per unit mass of pro- 
propellant. Equations [11, 12] are identical provided that 
the heat capacity ratio y is taken to be 

Cy ¥; Cys + 

29.8 Ui Cos 
and C,, ~C,,. That is, y should be calculated on the basis 
of all products in all phases. Maxwell, Dickenson and Caldin 
(3) have also derived an expression for expansion without 
phase change which is equivalent to [11, 12] except for a 
small factor which is probably a misprint. Their pressure 
ratio exponent in the present nomenclature is 


RA 9.) RO 
— rather than [14] 
Ys Cow 9.8 Yi Cyi 


1 Glassner, A., and Winternitz, P. F., ‘‘A Theory of the Ef- 
fect of Condensed Particles in the Exhaust of Rocket Motors,”’ 
Reaction Motors Report RMI-293-TP2, Dec. 23, 1950. 

2 Altman, D., and Carter, J. M., “Expansion Processes,” 
Chap. B, vol. II of “Combustion Processes,’’ High Speed Aero- 
dynamics and Jet Propulsion, Princeton University Press, 1956. 

3. Maxwell, W. R., Dickenson, W., and Caldin, E. F., ‘‘Adia- 
batie Expansion of a Gas Stream Containing Solid Particles,”’ 
lircraft Engineering, vol. 18, 1946, p. 350. 
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Bending Dynamics of a Spinning Missile 
T. J. HARVEY! 


Lockheed Aircraft Corp., Van Nuys, Calif. 


The effects of spin upon the bending of slender missiles 
with eccentric mass distribution are of great importance, 
particularly in the case of multistage missiles. The spin 
may be deliberately introduced for stabilization at launch 
or it may result from misalignment of the stabilizing fins. 
In either case the spin rate is time-dependent, and there- 
fore the problem of determining these effects must be 
treated in a manner which is basically different from the 
usual “steady state’? calculations. The purpose of this 
paper is to present a method for calculating the bending 
moments which result from a nonsteady spin rate and 
the eccentricity of the center of mass axis. 

The differential equations for the deflections are solved 
by expansion of the deflection of the bending neutral axis 
in a series of Eigenfunctions of the body as a free beam. 
In this way, the variables are separated, and the time 
part of the solution is obtained using a digital computer. 
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A sample problem is included showing the method of 
calculating the bending moments for a nonuniform 
missile with a time-varying spin rate and a specified ec- 
centric mass distribution. 


Nomenclature 


An = vector defined in Equation [15] 
Cr = constant defined in Equation [11] 
Dy, = El(zx) Lad on(x) 
dx? 

e(r) = eccentricity of center of mass from neutral axis _ 
El(x) = flexural rigidity of the missile 
fn(t) = time part of solution for u,(z,t) 
: = external applied force +2 
gn(t) = time part of solution for u.(z, ¢) : 
l = length of missile 
m(x) = mass per unit length 
M(x, t) = total internal bending moment os | 
Mz, My = component of M in z and y directions 
| ge = force per unit length in y direction 
P; = force per unit length in z direction 
r = external applied torque 
u(x,t) = displacement of neutral axis from z axis 
u,(z,t) = component of u in y direction 
t) = component of wu in z direction 
Wn = nth bending natural mode frequency 
B(t) = angular displacement of a line connecting center of 

mass with neutral axis { 
n(x) = nth Eigenfunction of missile in bending 
Q(t) = spin rate of missile ' 


Introduction 


AS BALLISTIC missiles become more slender and _ in- 
clude more stages, the problem of alignment is ag- 
gravated, especially when spin is introduced during the 
flight. The problem, then, is to determine the bending 
moments induced in the structure so that reasonable tol- 
erances can be set on the location of the center of mass axis 
and on the rate of spin. If the bending moments which will 
actually occur in missile flight are to be found, it is necessary 
to consider the case where the spin rate is not constant but 
varies with time. Since the structure of the missile is usually 
a body of revolution, it can be assumed to be a circular bar 
with variable bending stiffness and variable mass density. 
The boundary conditions are that the ends are “‘free.”’ Fur- 
thermore, the bending neutral axis can be assumed to be 
initially a straight line with the center of mass axis deviating 
from that line. 
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ae MASS AXIS 
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\— SPIN AXIS AND BENDING 


NEUTRAL AXIS 


> Fig. 1 Coordinate system 


Since the bending of the missile results from the fact that 
the center of mass axis is not coincident with the spin axis, 
the eccentricity of the center of mass axis must be deter- 
mined. But first it is necessary to locate the spin axis with 
reference to the body. Fig. 1 shows the center of mass axis 
for a rigid spinning body that is free from restraints. In 
this figure, the x, y, and 2 axes are fixed in space and there- 
fore do not rotate with the body. The z-axis represents the 
bending neutral axis as well as the spin axis. In locating the 
spin axis, it is assumed in this paper that no pitch or trans- 
lation is introduced, since the pitch and translational inertia 
of slender bodies is relatively high. Then e(x), the eccen- 
tricity of the center of mass with reference to the neutral 
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axis, must satisfy the conditions that linear and angular 
momentum must be conserved (1),? that is 


In most cases the function e(x), and therefore the location of 
the spin axis, is adequately defined by these equations; the 
only error involved arises from neglecting the rigid body 
pitch and translation moments, both of which are usually 
negligible in problems of this sort. 

Of course, the spin axis could also be located with refer- 
ence to the center of mass by a consideration of the geometry 
of the body if the manner in which the spin is introduced is 
known. This approach, which would require a considera- 
tion of rigid body motions, is not used here; however, an 
explanation of how these motions can be included in the cal- 
culations is given later in this paper. 


Discussion 
Boundary Condition 


Regardless of the method of analysis employed, since the 
ends of the body are free, the bending deflections must satisfy 
the ary conditions 


- m(x)u(x, 1) dx = 0 

dx = 0 ~ 

m(x)u,(x, t) dx = 0 

+ 


)u,(r,t) dx = 0 | ‘Ff 


Derivation of Differential Equations 


If a cut is made parallel to the y-z plane, the beam will 
appear schematically (2) as shown in Fig. 2 where 


The coordinates of the center of mass at this point are 7 
z = uz + e(2) cos B(t)) 


y = u, + e(x) sin B(t)) 


Since the y and z axes are fixed in space, the equations of 
motion, found by equating the inertia load per unit length 
to the applied force per unit length, are 


2, 
P, = m(z) 


ll 
> 
8 


Since only bending forces are acting (2), Equations [5] 
become 


? Numbers in parentheses indicate References at end of paper. 
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re) [6] 
= EI(2) = m(z)| - = + — sin =, 
ox? dz? “L ot? 
which are the differential equations of motion. 7 
Separation of Variables 


To solve these equations for the bending deflections, we 
assume a solution of the form (3) 


n=1 


u,(a, t) 


n=1 


where ¢,(x), the nth Eigenfunction of the body in bending, 
satisfies the subsidiary equation 
a 
— = mz [8] 
dx? 


and the boundary conditions, Equ: ations [2]. 
Substituting Equations [7] in Equations [6] and making 
use of E yields 


n=1 


[9] 
n=1 
Multiplying by @,,(x) dx and integrating from zero to 1, the 
terms involving products ¢,@, drop out (where m # n) 
because the modes are orthogonal. Then Equations [9] 
become 


gr(t) + wr2ga(t) = — cos B(t) 


d? 
dt? dt? 


C, = [11] 


m(x)n(x) dx 


Equations [10] can be rewritten by performing the differen- 


— tiation indicated on the right side 


2 dQXt 
gilt) + = Cn cos B(t) + | sin aot 


de dt 
a aXt)] 
frlt) + = Cr sin B(t) — i ¢ 
n=1,2,3 


The solution of these equations for g, (t) and f, (t) will 
allow evaluation of the bending deflections. 


Bending Moment Equations 


_ Since the rigid body motions are not considered at this 


"point, the bending moments are given by 


galt)Du(x) 
M,(a, t) = >> falt)D,(x) 

n=1 


Mz, t) = 


By vector addition, the total moment is 


[14] 
© 
where a= WV {15} 


From an examination of Equations [12, 13], it can be seen 
that an important consideration is the nature of the constant 
C,, defined in [11]. The bending deflections and moments 


JET PROPULSION 


“fall + w,7f,(t) = sin 
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Table 1 Normal mode computation 
Station, m, 1, 2, D,, 
in. lb-in.2 X 1076 Ib/in. in. in. 
0 400 3.7 —6.383 = —2.135 : 0 0 
48 625 3.7 -3.705 —0.094 =—70,330 — 180,500 
96 625 3.7 —1.338 +1.171  —235,200 — 415,600 
144 2,000 7.5 +0.172 +1.000 — 435,500 —351,300 
192 1,900 11.2 +0.996 +0.278 —621,400 199 , 200 
240 8, 600 10.0 +1.000 —0.155 —734,700 1,004, 700 
288 42.0 +0.650 0.215 ~729,400 1,557,900 
336 ie 37,000 42.0 +0. 246 —(. 167 1,470,200 
384 37,000 42.0 —0. 193 —0.022 —269, 700 879,300 
432 s 35,000 40.0 —(. 652 +0.179 — 60,900 221 , 329 
480 20,000 18.0 —1.115 +0. 400 0 0 
w, = 35.5 rad /sec w. = 114.4 rad/see 
are linear functions of C,. Actually, C, is the nth constant in 005 
a normal mode expansion for the weighted eccentricity 904 i 
funetion m(x)-e(x), indicating that the bending moments are 4 
functions of the shape as well as the amplitude of the weighted = co2—All — | 
eccentricity. | 
0.01 
As mentioned earlier, this procedure can be extended to 
include rigid body motions if desired. This can be done by — 
including a term of the form (a + bz) in Equation [7] and by 0.90/- 
considering w, equal to zero in Equation [10] for both the 080 
rigid body translation and pitch implied by this term. 070 t : 
1 
The procedure described in this paper for calculating the + sae | : 
bending moments is illustrated in the following example.* al 
For this problem, the shape of the center of mass axis was ae oe) | 
assumed, and from it, the eccentricity function was deter- ia | | 
mined from Equations [1]. The normal modes, @,, were 010 T 
then computed by the Stodola method using the EJ and m ak 
distributions given in Table 1 for the body. The results 
of these computations are also shown in Table 1. The ; ; 
constant C,, was then computed from Equation [11]. Since Fig. 4 /C, and a;/C; vs. time 
the deflections and moments are linear functions of C,, S 
Equations [12] were solved for g,/C, and f,/C, (for n = 1 : ; 
and 2) based on the spin rate shown in Fig. 3. The am- Table 2 Bending moment computation 
plitude and phase of a,/C; and a2/C. were computed using Station, e(x), M(x), = 0.75 7 
Equation [15]. The amplitudes are shown in Fig. 4. For in. in. in., lb-in. Cy. - 
this example, the bending moments were computed at ¢ = 0.75 0 —0. 1742 . © > £f 
see, at which time a, and a» are in phase. The value of 48 —(.0704 — 1443 C, = 0.00509 
a/C, is 0.953 and a2/C> is 0.0405 at this time. The bending 96 +0.0330 —3680 
moment was then calcuated using Equation [14] and the » ia +0. 1869 — 4259 C, = 0.1508 
results are shown in Table 2. 192 +0.1737 —W90 
240 +0.0883 +2575 
298 —0.0662 +5981 an/Cn 
336 —0.0315 +6389 
= 384 +0.0318 +4064 a/C, = 0.953 
| | 432 +0.0379 +1057 
480 +0.0725 0 = 0.0405 
a 


(CYCLES 


2 


TIME (SECONDS) 


Fig. /27 vs. time 


° The author is indebted to the Numerical Analysis Depart- 
ment of Lockheed Missile Systems Division for the numerical 
solution of Equations [12] for f,(¢) and g,(t), and the solution of 
Equation [8] for the normal modes. 


JUNE 1957 


The moments used in this sample calculation are very 
small because the eccentricity chosen is unrealistically 
small for a body 480 in. long. If e(2) were chosen equal to 
0.1¢(x), which corresponds to a displacement of 0.64 in. at 
Station 0, then for the spin rate shown in Fig. 3, the maximum 
bending moment would be or 


M = 0.1 X 0.953 X D, 


that is, a maximum moment of 70,000 Ib-in.; a moment of 
this magnitude could be an important consideration in the 
design of interstage connections. 

The amplitude plots shown in Fig. 4 indicate that there is 
amplitude modulation at the natural bending frequency, 
which is to be expected from inspection of Equations [12]. 
It is important to note that the character of the response 
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amplitude plot is essentially the same for both modes except 
that the first mode exhibits much higher amplitude oscilla- 
tions. This is explained by the fact that the spin rate is 
always much closer to the first bending frequency than it is 
to the second. 
Conclusions 

The problem of calculating the transient loads and mo- 
ments introduced in a missile structure by nonsteady spin 
has been solved by making use of the separation of variables 
method. The space part of the problem involves calculation 
of the normal bending modes. The time part involves a 
differential equation which requires the use of a digital com- 
puter for solution. Problems of this type can arise in multi- 
stage missiles due to misalignment between the several stages, 
and in some cases could govern the design of the interstage 
connections. In general, nonsteady effects must be accounted 
for to adequately determine the loads and moments in the 
structure in question. 
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Stagnation Point Heat Transfer 
in Dissociated Air Flow!’ 


J. A. FAY,? F. R. RIDDELL? and N. H. KEMP? 


AVCO Research Laboratory, Everett, Mass. 


Nomenclature 
h = enthalpy 
H = total enthalpy h + u?/2 io 
hp = dissociation enthalpy, defined as dissociation energy 
per unit mass in the external flow 
k = coefficient of heat conduction 
L = Lewis number pD cp/k, where D is the diffusion coeffi- 


cient for the air atom, air molecule mixture and cp 
is the weighted average of the perfect-gas specific 
heats of the components, each weighted with the mass 
fraction of the component 


q = heat transfer rate to surface 
ar = absolute temperature 
u = velocity along surface 


due/dx = velocity gradient along the surface in the external flow 
m = absolute viscosity 4 


p = mass density 

o = Prandtl number cpy/k; see L for definition of cp 
Subscripts 

e = external flow 

8 = stagnation point 

w = wall 

o = free stream 

Superscripts 

E = dissociation equilibrium flow 

F = chemically frozen flow 

* = evaluated at reference enthalpy 


Introduction 


HE purpose of this note is to discuss stagnation point 
heat transfer in dissociated air flow and, in particular, 
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~ equations for a blunt body stagnation point. 


to present the results of a recent theoretical investigation 
made at the AVCO Research Laboratory by J. A. Fay and 
F. R. Riddell. 

The problem of obtaining the heat transfer rate may be 


considered in two parts. One is the determination of the 
properties of the gas, such as density, viscosity, Prandtl 
number, Lewis number. For high temperature dissociating 
gases such as air, these properties are not known accurately 
because of uncertain knowledge of the interaction properties 
of the atoms and molecules which make up the gas, and be- 
cause of the chemical reactions which may take place. The 
other part of the problem is the solution of the boundary 
layer equations themselves for any given set of gas properties. 
Of course, any one numerical solution will be exactly valid 
only for the particular set of gas properties assumed. How- 
ever, if the solution can be expressed in terms of the gas 
properties themselves, then we may expect it to be valid 
even for properties differing somewhat from the ones actually 
used to obtain the solution. That is, the solution wil! 
represent a relation between the heat transfer rate and thi 
gas properties, whatever they may be. Approximate solu- 
tions in this form have previously been indicated by Subulkin 
(1)° and Lees (5); they will be described below. The exact 
AVCO solution presented in this note is also of this form. 


Previous Investigations 
An early study of stagnation point heat transfer on a body 
of revolution was made by Subulkin (1). He considered 
only low speed flow and found for the heat transfer rate 


= 0.763 — Tx) [1] 
q. = 0.76: | 


Subulkin then suggested that this same relation might 
hold for a blunt-nosed body moving at supersonic speed, 
provided the free stream fluid properties were taken to be 
conditions behind the normal shock wave at the nose. This 
suggestion has been extrapolated to hypersonic speeds and 
dissociating flow (9) by introducing the total enthalpy 
instead of the temperature, so that Equation [1] becomes 


(**) 

\ 
where the Prandtl number o has been taken constant. This 
relates g, to the values of specific fluid properties o, p., and 
wu... However, the relation is obtained by extrapolation 
from a low speed solution, rather than by solving the appro- 
priate equations. Of course, the step from Equation [1] 
to Equation [2] is a pure guess, but subsequent exact solu- 
tions described below have shown it to be remarkably accurate 

in certain cases. 

Mark (2) wrote the compressible boundary layer similarity 
However, he 
neglected the possibility of the heat transfer by diffusion 
being different from the heat transfer by conduction, thus 
confining himself to the case of Lewis number unity. He 


_ solved the differential equations using both perfect gas 
_ properties and the gas properties suggested by Romig and 
Dore (3) for air in dissociation equilibrium. 
elude variable Prandtl number and the thermodynamic 


The latter in- 


properties of Krieger and White (4) which are now known to 


use an incorrect value of the dissociation energy of nitrogen. 


His results are expressed in the form 


SE (*) [3] 


where A is given numerically as a function of 7,,/T.s and H,. 
Though Equation [3] represents an actual numerical solution 
of the boundary layer equations, Mark does not relate \ to 


5 Numbers in parentheses indicate References at end of paper. 
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the transport properties, and therefore his results are difficult 
to apply to other fluid property variations, as well as being 
limited to Lewis number unity and equilibrium dissociation 
conditions. 

Lees (5) has published a rather detailed paper on laminar 
heat transfer over blunt-nosed bodies in hypersonic flow, 


considering dissociation equilibrium with Lewis number 
unity, chemically frozen flow including nonunity Lewis 


number effects and a discussion of certain transport property 
values. However, he did not actually integrate the boundary 
layer differential equations. Instead, he inferred a solution 
from the constant property solutions of Cohen and Reshotko 
(8) by means of physical arguments about the nature of a 
highly cooled hypersonic boundary layer. For dissociation 
equilibrium with Lewis number L = 1, his result for the stag- 
nition point is 


E | du, 
where the wall is highly cooled so h.<H,.. In frozen flow 
he gives a result which may be put in the following approxi- 
mate form for a diatomic gas 


where gs"(L_ = 1) is from Equation [4]. Notice that Lees’ 

Equation [4], and Equation [2] based on Subulkin’s work, 

are almost identical. Both are essentially extrapolations 

from solutions for undissociated flow with constant py. 

However, Lees used a good deal of clever physical reasoning 

to extrapolate, while the transition from Equation [1] to 
Equation [2] isa pure guess. 

It should be pointed out that Lees’ use of Cohen and Reshot- 
ko’s value of the nondimensional enthalpy gradient as a 
solution to his Equations [9, 10] is actually wrong. The 
AVCO numerical integrations have shown that Cohen and 
Reshotko’s value is too large by a factor (pwtw/ Pesbes)®, 
which may be as large as 4. However, when using this 
gradient in the heat transfer rate expression Lees states that 
Pwhto Must be replaced by p,.Mes, thus arriving at an approxi- 
mately correct result. The present authors must say that 
they do not see the logic of this last step. 

Recently Romig (6) has suggested a “reference enthalpy” 
method for finding g, analogous to the well-known reference 
temperature methods of ordinary compressible flow. She 
begins with a form of Subulkin’s equation 


qe = 0.763 — hy) [6] 

where p*u* is to be evaluated at the reference enthalpy h*. 
She proposes that h* should be the average of H, and h,.. 
She then specializes to the dissociation equilibrium properties 
of (4) and arrives at a form for q, in terms of flight Mach 
number, nose radius and ambient pressure. To evaluate 
the reference enthalpy assumption she compares her result 
with Mark’s for the same air properties and finds it agrees 
within +5 per cent. She has therefore, in effect, related 
Mark’s numerical solutions to the fluid properties. How- 
ever, the relation was made by way of the rather arbitrary 
assumption about where to evaluate p*u*, and only after- 
wards was it shown to agree with some actual numerical 
solutions. Notice also that for large wall cooling py is 
quite flat in the outer half of the boundary layer so that 
p*u* A p.sbes and Romig’s correlation is very nearly the 
same as that obtained in Equation [2] from Subulkin’s 
work. 


AVCO Investigation 


Concurrently with Lees’ work a detailed investigation of 
in dissociating flow was 


stagnation point heat transfer 
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sarried out at the AVCO Research Laboratory by J. A. Fay 
and F. R. Riddell. A more complete description of this 
work is being prepared for publication. Not only equilib- 
rium and frozen boundary layers were considered, but also 
intermediate cases with finite recombination rates. Differ- 
ences between heat transfer by conduction and by diffusion, 
corresponding to a Lewis number different from unity, were 
also considered. For the equilibrium case, the air properties 
of the NBS (7), which include the correct dissociation energy 
for nitrogen, were used. For frozen and finite-recombina- 
tion-rate flow, air was taken to be a mixture of “air atoms” 
and “air molecules,’ with average properties determined 
by the relative concentration of oxygen and nitrogen atoms 
outside the boundary layer (that is, in the equilibrium state 
behind the normal shock in front of the body). Transport 
properties and recombination rates for high temperature air 
were estimated. In particular, for equilibrium, it was found 
that Sutherland’s formula for vicosity was within 10 per cent 
of the estimates up to 9000 K. The Lewis and Prandtl 
numbers for atom-molecule mixtures were found to be sub- 
stantially independent of temperature up to the same range, 
and were taken constant throughout the boundary layer in 
the calculations. 

For all cases it was shown that the boundary layer equa- 
tions for a stagnation point can be reduced exactly to ordi- 
nary differential equations by means of a similarity variable. 
With the fluid properties obtained as described above, the 
appropriate differential equations were integrated on an 
IBM 650 computer. The equations and transformations 
are similar to those given by Lees (5), but they were solved 
numerically rather than by inference from constant property 
solutions. 

In the equilibrium case calculations were made for a 
range of wall temperatures from 300 to 3000 K and stagna- 
tion enthalpies H, from 670 to 10,400 Btu/lb. This range 
corresponds to values of p..Mes/ Pwhw from 0.17 to unity. 
Because of the uncertainty in the value of the (constant) 
Lewis number /, caleulations were made for 1.0 < L < 2.0. 
In most cases Prandtl number o was taken to be 0.71. It 
turned out that the results of all these calculations could 
be correlated on the fluid property parameters 
and L with an accuracy of about +3 per cent. Furthermore, 
a check showed that the low speed dependence on Prandtl 
number still appeared to hold in the present case. The 
result of the correlation based on these extensive numerical 
calculations is the following relation between heat transfer 
rate and fluid properties 


= 0.763 — hw) (° ) ( ) x 


hos 
[ + (1982 — [7] 


The AVCO results thus show that the values of the fluid | 
properties pu which appear in q,” are neither the wall nor — 
Com-_ 
parison with Subulkin’s and Lees’ formulas, Equations _ 
1 by a factor 


= 


the external flow values but a combination of both. 


[2 and 4], shows that they differ for L = 
(Pwhw/ Pexttes)®!. Since the pu ratio may reach values of 
4 or 5 for highly cooled boundary layers, it is seen that using 
the actual solution of the differential equations, Equation 
[7], may improve the answer by as much as 17 per cent for 
L=1 


For frozen boundary layers, two cases must be distin- — 
If the wall catalyzes recombination of the atoms, — 
their dissociation energy is given up to the wall and atom — 
diffusion to the wall can produce a large heat transfer when — 
For this case, | 
numerical computations show values of qg, almost identical — 


guished. 


the free stream atom concentration is high. 


with the equilibrium case if 2 = 1. This is not surprising 


since = | means that energy is transported equally well 
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by conduction and by atom diffusion, so it should not matter 
as far as heat transfer is concerned whether the atoms re- 
combine in the boundary layer or pass through it and re- 
combine on the wall. For L > 1, however, q,” for a frozen 
boundary layer is slightly greater than for an equilibrium 
one. A correlation similar to the one for g,” then leads to 


\ (due\ 
= 0.763 %*(H, — hw) (2 Pes Mes x 


Des Mes ix 1 


which again differs from Lees’ Equation [5] by the one-tenth 
power of the py ratio as well as slightly in the Lewis number 
dependence. 

A few calculations were also done for the frozen boundary 
layer in the case where the wall is noncatalytic, thus pre- 
venting atom recombination. They show that in such a 
case, at high stagnation enthalpies, the heat transfer could 
be reduced by a factor of two or more. Accomplishing this 
saving depends, of course, both on being able to make a non- 
catalytic wall and on having a frozen boundary layer. The 
latter in turn depends on the ratio of recombination reaction 
time to the time it takes a particle to diffuse through the 
boundary layer. This ratio can be shown to be proportional 
to the square of the ambient density, as well as to the body 
nose radius (through the stagnation point velocity gradient). 
Thus the boundary layer would become frozen for flight at 
high enough altitudes, the more so for smaller bodies. A 
more quantitative statement cannot be made with any 
accuracy at this time because of the present uncertainty in 
recombination rates. 

Some numerical calculations were also made for the fi- 
nite-recombination rate case, which is intermediate between 
equilibrium and frozen, using the best estimates of recom- 
bination rates available. They confirmed the fact that for a 
catalytic wall the heat transfer rate is nearly the same as 
for both equilibrium and frozen cases, and thus nearly con- 
stant regardless of the chemical state of the boundary layer. 
The only change from q,” to q,” is a gradual transition from 
the Lewis number effect of Equation [7] to that of Equation 
{8]. For a noncatalytic wall they showed the drop off in 
q, indicated above as the boundary layer went from an 
equilibrium to a frozen state. 

Experiments in shock tubes have been made at the AVCO 
Research Laboratory by Peter H. Rose and collaborators in 
order to measure stagnation point heat transfer in equilibrium 
dissociated air flow. The stagnation temperature range 
covered was 3000 to 9000 K, which simulates flight velocities 
of 8000 to 27,000 fps at altitudes from 20,000 to 120,000 ft. 
These experiments are described in more detail in (10). The 
results are in agreement with [7] when the following air 
properties are used: The equilibrium thermodynamic 
properties given in (7), viscosity given by the Sutherland 
law, Lewis number 1.4 and Prandtl number 0.71. 


Conclusions 


A detailed investigation has been made of stagnation point 
heat transfer rate in dissociated air flow. The appropriate 
differential equations, including the chemical effects, have 
been solved numerically for a set of assumed fluid properties, 
and the results correlated. This made it possible to express 
the heat transfer rate in terms of the fluid properties, Equations 
{7 and 8], so these expressions should be valid even for prop- 
erties differing somewhat from those actually used in the 
calculations. 

Tt was found that the chemical state of the boundary layer, 
if the wall catalyzed atom recombination, had only a slight 
effect on heat transfer rate. If the wall prevented atom 


recombination, the heat transfer rate could be reduced by | 


as much as a factor of two, depending on how near the 
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boundary layer was to a frozen state. This in turn was 
found to depend on the size of the body, the ambient density 
and the atom recombination rate. 

The results reported here are considered valid for stagna- 
tion enthalpies reached in flight at speeds up to the satellite 
velocity (approximately 26,000 fps). 
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Time-Temperature Relationships for 
Rupture of Metals in Combustion 
Atmospheres 


E. W. LaROCCA! 
U. S. Naval Ordnance Test Station, China Lake, Calif. 


ARSON and Miller (1)? have used the Arrhenius equation 
to interpret the high temperature behavior of metals, 
either in creep or stress-rupture. An equation of the form 


| 


has been used, where 7 Oy; 

{ = time to rupture, hours : 

Q = activation energy for the process 

R = the gas constant 

T = absolute temperature 7 

A = a constant 


Equation [1] is reduced to 


T (log A + log t) = a [2] 


Q 


at constant stress, where log A = C = 20, according to Larson 
and Miller. 

While the rate equation implies that C is constant only 
when the stress is a constant, the Larson-Miller hypothesis 
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maintains C is independent of stress and possibly of material. 

If this is true, then Q, the activation energy of the process, 
must be stress dependent, since the equation contains no 
stress term, and all rupture times would be independent of 
stress, which is impossible. If the chemical rate process equa- 
tion is used for the correlation of rupture data, then it must be 
admitted that either the pre-exponential constant or the ac- 
tivation energy, or both, must vary; both cannot be main- 
tained as constants. 

Evidence has been presented (2) showing a variation of the 
constant C with respect to applied stress. Further evidence 
of this is herein presented, although the conditions of testing 
include a possible gaseous diffusion process. 

The method of testing has been previously described (3); 
that is, a statically loaded wire was heated in and by a flame of 


c 
o 
a 
0.8 
39 .40 41 42 
3 
1x10 
Fig. 1 Typical rate plot for Nichrome stressed at 6310 psi 


burning propane gas. By maintaining a constant stress and 
varying the flame temperatures, various rupture times were 
obtained. Temperatures from 1900 to 2100 F could be 
achieved, and rupture times from 0.0083 hour (30 sec) to 1 
hour were measured, while a series of ten separate stresses, 
from 5650 to 8860 psi, was employed. The resulting plots of 
log 1/t against the reciprocal of the absolute temperature 
vield straight lines, the slopes of which determine the activa- 
tion energies. Rankine temperatures have been used to con- 
form to the original data of Larson and Miller (1). Fig. 1 is 
an example of such a plot, using Nichrome wire (80 nickel, 17 
chromium) as a test material. Calculated values of the ac- 
tivation energies over ten stress levels are shown in Table 1. 

Variations in the computed values of Q for chrome! wire (60 
nickel, 15 chromium and 22 iron) are even more marked (3), 
increasing from 35 keal, below 5500 psi, to 48 keal up to 9700 
psi. 


Table 1 Nichrome wire 


Q, keal 


Stress, psi 


9,000 


8,000 
7,500 + 


7,000 


STRESS-PSI 


6,500 F 


6,000 


3 13.2 13.4 13.6 13.8 14 


VALUE OF CONSTANT (C) 


Fig. 2. Relationship between constant (' and stress, assuming a 
constant activation energy; Nichrome wire 


On the other hand, if the discrepancies in the values of Q in 
Table 1 are attributed to experimental error, and the activa- 
tion energy is assumed to be constant, use of an average value 
of Q based on the data in Table 1 implies that C must vary. 

If Q is maintained at 76.96 keal, Fig. 2 shows the effect of 
stress on the value of the pre-exponential constant, which 
ranges between 13 and 14. This is in fairly good agreement 
with the data of Newhouse and Van Ullen (2) for austenitic 
steels. 

It is not surprising that variations in the value of C exist, 
and when it is recalled that C is the logarithm of A in the rate 
equation, these variations are significant if extrapolation of 
data is desired. In the Arrhenius equation, A is actually 
slightly temperature dependent, and no simple physical sig- 
nificance has been established for processes similar to the one 
considered. In many first-order reactions (with the time 
measured in seconds), A has a value of 10! to 10', so the 
present evaluation is not far out of line (4, 5). 

Since this constant is also temperature dependent to some 
extent, the use of the high temperatures reported here, around 
2000 F, is probably responsible for the lower value of the con- 
stant than that reported previously (1). It is concluded that 
with increasing temperatures of testing and application, and 
the shorter rupture times encountered, use of a simple material 
constant of 20 should be discouraged. It is believed that fur- 
ther research at these higher temperatures will be necessary to 
evaluate properly (a) the stress dependence of the activation 

energy, (b) the stress temperature relationships and (c) the 
true meaning and physical significance of the pre-exponential 
constant, if the chemical rate equation is to be used for ac- 
curate extrapolation of stress rupture data. 


References 


1 Larson, F. R., and Miller, J., ‘A Time-Temperature Rela- 
tionship for Rupture and Creep Stresses,’’ Trans. ASME, vol. 74, 
July 1952, pp. 765-775. 

2 Newhouse, D. L., and Van Ullen, J. L., Discussion of Ref- 
erence (1). Trans. ASME, vol. 74, July 1952, pp. 773-774. 

3 LaRocea, E. W., “Rupture of Heat-Resistant Alloys in 
Flame Gas Atmospheres,’’ Jer Propuusion, vol. 25, Aug. 1955, 
pp. 396-399. 

4 Steacie, E. W. R., “Atomic and Free Radical Reactions,”’ 
Reinhold, 1956. 

5 Getman, F. H., and Daniels, F., “Outlines of Theoretical 
Chemistry,’’ John Wiley and Sons, 1940. 


° 
» 8 
4a 
| ) 
te) 
4. 4 
° 
5,500 
| 
om 
| 
| 
| 
= 
26 
1600 78.8 
6 
6780 76.0 


Effective Lift Drag Ratio With Jet Lift 
P. D. ARTHUR! and R. W. McJONES?” 
; Marquardt Aircraft Co., Van Nuys, Calif. 


- Downward jet deflection may be used either to augment 
or to replace aerodynamic lift. Optimum jet deflection 
angles are derived for both cases, and the resulting effective 
lift/drag ratios are plotted. Jet lift alone is shown to yield 
L/D)..; values ranging from 1.0 to about 4. For L/D),... = 
5, the use of optimum jet lift yields L/D),;; values ranging 
from 5. 1 to about 7. In each case, the effect of jet lift in- 
creases as the jet thrust coefficient decreases. 


Nomenclature 

La = aerodynamic lift 

Da = aerodynamic drag 

W = weight 

= inlet momentum, Fy = poAoVc? = 

Ao = free stream capture area 

Vo = flight velocity 

F; = exit stream thrust, F; = mVe + AP. — Po) 

Cr = internal thrust coefficient based on Ao, Cr = (Fj — 
Fo)/(qoAo) 

Co = external drag coefficient based on Ao, Co = Da/ 
qoAo 

o = jet deflection angle measured from flight path 

L/D), = aerodynamic lift/drag ratio 


L/D). = effective L/D with jet deflection, L/D).;; = (aero 
lift + jet lift)/(internal thrust)* rte 
Introduction 

OWNWARD deflection of a propulsive jet as a means for 
producing lift is utilized by aircraft operating at speeds 
throughout the flight spectrum. VTOL and STOL aircraft 
rely heavily upon jet lift, airplanes operating at moderate 
speeds almost neglect it, and, rather surprisingly, hypersonic 
vehicles may find it to be an important contribution to total 


Lo 


Fig. 1. Forces on a jet propelled aircraft 


lift. This note presents an approach to optimized jet deflection 

which, while general in nature, is expresssed in the nomencla- 

ture of supersonic and hypersonic aircraft performance. 
Combined Aerodynamic and Jet Lift 


From the definitions given, expressions for optimum jet de- 
flection angle and the resulting effective lift/drag ratio can be 
derived as follows 


L\ ___totallift (4 + Fj sin ( Da 
internal thrust Da F; — Fo 


Since D, = F; cos @ — Fy for stabilized level flight with jet 


“lift 
L _L (= cos — Fo (7: sin 
DJa\ Fi — Po F; — Fo 
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+ L/D)es: relates the total weight-carrying ability of the aircraft 
to the net internal thrust (and thereby to the fuel consumption 
and engine size); hence it can be used directly in the Breguet 
range equation and it is applicable to problems where engine size 
is to be minimized for a given vehicle weight. 
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from the definitions of Cr and Fo, F;/Fo = 1 + (Cr/2) 
(1 + (Cr/2)) —1 (1 +(Cr/2)) sing 
eff a 


D GA Cr/2 


(2 +1 +(Z41 in [1] 
= D/JaL\Cr Cr Cr 

Optimizing with respect to @ 

L 
d 

_ (2 +1 mo+(2 41 
= — s cos 

dé D) in Cr 0 


Returning to external drag 


qoAo qoAo 


2[(1 + (Cr/2)) cos @ — 1)........... [3] 
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AERODYNAMIC LIFT/ DRAG ~L/Doero 


Fig. 2 Effective lift/drag ratio obtainable by combining aero- 
dynamic lift with optimized jet lift 


Fig. 2, which is based on Equations [1-3], presents an in- 
tegrated picture of aerodynamic plus optimized jet lift. Effec- 
tive L/D always increases with increasing aerodynamic L/D, 
‘so an optimum aerodynamic configuration is always de- 
sirable. Reducing Cr always leads to increased L/D) q5;. 
However, a smaller Cr requires a larger engine and one of the 
following factors will ultimately limit the engine size: 

1 Engine weight may increase to the point where it en- 
tirely counteracts the gains in L/D) 

2 Engine minimum fuel/air ratio or engine specific fuel 
ition, considerations may establish a minimum Cr. 

3 Eventually, the external drag of the engine itself will 
prevent further reductions in Cy. In the extreme case where 
the configuration approaches a flying engine, the external drag 
coefficient may be of the order of 0.1; accordingly this value 
and Cp = 0 (the absolute limit) are shown as illustrative 
boundaries on Fig. 2. Additional limiting Cp lines may be 
constructed by use of Equation [3]. 
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Field Transportation of Concentrated Hydrogen Peroxide 


Jet Lift Alone 


Even wingless vehicles are normally capable of useful aero- (Continued from page 664) 
dynamic lift/drag ratios, but there are certain cases where 
aerodynamic lift is not feasible. For such a vehicle, jet reac- vehicles is shown in Fig. 3. A study of this drawing will 
tion alone may be used for support, and [1] reduces to show how some of the design principles outlined in the pre- 
ceding paragraph are applied in practice. The use of one 
L : four-way valve eliminates the possibility of trapping H.Oz in 
Ss ae * +1j}sn¢@ a line due to improper setting of valves. With one setting of 


ia ; the four-way valve the system is ready for pumping from an 
and Equation [3] can be rearranged to give outboard supply to the tank truck. With the other setting 
(Cp/2) +1 _ the contents of the truck tank may be discharged. A siphon 

' cos ¢ = 7 See break valve is included so that gross spillage may be pre- 
' (Cr/2) +1 — ; vented in case any of the piping is accidentally deranged. 

The entire system is maintained dust tight to prevent entry 
of dirt. The vent line may be carried overboard to discharge 
the vented oxygen gas and prevent a buildup of an oxygen- 
rich atmosphere. 

Certain details of a typical HO» reservoir are shown in Fig. 
4. There are no bottom connections that might leak. The 
baffles used to reduce slosh are kept small and are located so 
that a man can enter through the manhole to inspect all in- 
terior surfaces after the tank is fabricated and cleaned. A 
well for a temperature sensing device is provided. The sight 


hy eliminating @ 


port is used for observing the liquid level. ti 
. 
Conclusion 
5 Numerous trucks have been designed and are in present 
use in the field handling of H.O.. These units are fabricated 
a mainly through commercially available components. Years 
ele 4 of experience have demonstrated that concentrated hydrogen 
Pe \ peroxide can be handled safely and easily in field applications. 
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Che newly created Explosives Research 


Fig. 3 Effective lift/drag ratio obtainable from jet lift alone Section of Armour Research Foundation 
has immediate openings and opportuni- 
ties for Research Engineers and Scientists 
interested in research concerned with 
properties and behavior of explosives, 
explosives components, explosives trains, 
fuzes and warheads. 


For given values of Cr, Equation [4] yields curves of 
L/D). as shown in Fig. 3. 

If Cp is held constant, an optimum Cy may be found by 
differentiating Equation [4] with respect to Cr and setting 


the resulting equation equal to zero. This process yields These positions offer excellent employee 
Cp? benefits, tuition free graduate study and 
/D 5 
Cropp = + good salaries. 
Be Men experienced in this field who desire _ 
to work for a progressive organization 
; Cp with some of the leading scientists in this — 
(5) field, please send resume to: 
; L 1 E. P. Bloch 
and for this case D ree [6] 
SIN 7 
ARMOUR RESEARCH FOUNDATION 
The optimum Cy envelope curve of Fig. 3 has been gen- of 
erated through the use of Equations [5, 6]. -_ IHlinois Institute of Technology 
Generally speaking, effective lift/drag ratios for jet lift Ce 10 West 35th Street 
only are disappointingly small. Where use of jet lift alone is “gre di _ 
“vr Chicago, Illinois 


necessary, it is important that both aerodynamic drag and 
thrust coefficient be minimized. | 
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Fluorine Figures Big 


AR from new but equally distant 

from a_ practical operational 
status, the idea of a rocket engine 
using fluorine as an oxidizer refuses to 
die. It is, in fact, now more alive 
than ever, figuring in top-level dis- 
cussions both public and private. 

Theoretically, fluorine in combi- 
nation with hydrogen or hydrogen- 
rich fuels makes an ideal propellant. 
Such systems combine high combus- 
tion temperatures with low molecular 
weights to form some of the highest 
specific impulses attainable in chemi- 
cal propellants. They are generally 
hypergolic and smooth burning, and 
are composed of relatively abundant 
raw materials. 

But pure hydrogen is an extremely 
difficult element to maintain in a 
liquid state, and fluorine, although 
less of a problem than hydrogen, 
is still a difficult element to keep liquid. 
Compared to liquid oxygen, liquid 
fluorine is also more expensive, more 
corrosive, more toxic and generally 
more of a handling hazard. Also, 
pumps suitable for liquid fluorine 
service are still not readily available. 

Yes, No and Maybe: Fluorine’s 
apparent advantages as an oxidizer 
even with fuels other than pure hy- 
drogen are generally undisputed. Its 
drawbacks, however, are currently 
‘ause for a host of diverse opinions 
in the missile industry. That fluorine 
does have drawbacks is freely ad- 
mitted even by the fluorine producers. 
The disagreement is about how serious 
they are—a matter of degree or com- 
parison rather than demonstrable 
fact. 

After extended consideration, two 
top rocket companies have tentatively 
decided that fluorine, compared to 
liquid oxygen, is still toc expensive 


NEW TRANSPORT and storage system moves fluorine to missile sites. 


and hazardous for use in liquid rocket 
engines. 

On the other hand, Rocketdyne’s 
John Tormey concedes that the draw- 
backs are important but doesn’t be- 
lieve they are insurmountable. And, 
taking a more positive attitude, John 
Gall of Penn Salt Chemical Co. de- 
clares that the use of fluorine in liquid 
rocket propellants is “inevitable.” 

Actions Count: Biggest voice in 
actually determining fluorine’s fu- 
ture, of course, is that of the govern- 
ment. Already heavily committed 
to liquid oxygen as an oxidizer, the 
government is apparently getting in 
even more deeply. 

Although it has first option on this 
country’s commercial high purity 
oxygen output of 32 billion cu ft/year, 
the government decided to build at 
least six captive liquid oxygen plants 
as well. And one of the plants, 
located at the nation’s biggest missile 
test center on Patrick Air Force Base, 
which had a lox capacity of 10 tons/ 
day, has since been expanded. 
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FLUORINE OUTREACHES OXYGEN : 
Some Specific Impulse Values at 500 psia 
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Still not satisfied, the government 
recently began a program to boost 
output by granting fast tax write- 
offs to civilian producers willing to 
supply an additional 4 billion cu ft 
year of oxygen and nitrogen. This 
latest move, as interpreted in some 
quarters, is the result of a recently 
reached top echelon conviction that 
new oxidizers such as fluorine will 
not be ready by the time the first 
long-range ballistic missiles, now under 
development, become operational. 

Big Booster: But this does not 
mean the government has lost interest 
in fluorine. For one thing, it has not 
withdrawn financial support from 
fluorine studies it is sponsoring that 
are now beginning to bear fruit. 

Rocketdyne’s feasibility studies of 


a fluorine-using rocket engine, for 
example, begun under Air Force 


contract about six years ago, are con- 
tinuing. And NACA’s Lewis Flight 
Propulsion Laboratory, an early re- 
searcher of fluorine’s rocket potential, 
is now studying the oxidizer’s com- 
patibility with various materials. 

Meanwhile, of course, another gov- 
ernment agency, the Atomic Energy 
Commission, as well as civilian fluo- 
rine producers, have been handling ele- 
mental fluorine for a number of years 
now and have collected a great deal of 
data on the subject. 

More significant, perhaps, one pro- 
ducer, Allied Chemical, recently de- 
veloped a method to produce and ship 
elemental fluorine commercially in 
liquid form. The tank transport 
system uses liquid nitrogen as a re- 
frigerant and is designed to double as a 
stationary storage unit. The present 
unit, built by Air Proqduets, is of a de- 
velopmental size. But results to date 
are so favorable, reports Allied, that 
it is now building bigger transport 
units which will soon be in service. 

The Big Question: What then is 
fluorine’s future as an oxidizer in liquid 
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propellant rockets? Even with its 
major drawbacks, most chemical and 
missile men feel that fluorine does 
definitely have a future as an lpr oxi- 
dizer. As one rocket researcher put 
it: ‘History has shown that when 
anything has strong advantages to 
offer, man will figure out some way 
to use it.” 

The question then becomes one of 
time and need. And right now, best 
estimates are that it will probably be 
at least two years before fluorine 
proves any threat to liquid oxygen 
and, perhaps, five years before it ac- 
tually becomes the workhorse oxidize1 
of the rocket field. 


Introduction 
To Space Travel 


A conference on space travel directed 
primarily at lay businessmen and bank- 
ers attracted some 400 interested per- 
sons to Birmingham, Ala., last month. 
It was believed to have been the first 
gathering of its kind, although a more 
general symposium had been held four 
years ago by a New York museum. 

Seven speakers blanketed the field, 
covering fuels, metals and people for 
space craft, orbits and associated details 
for a trip to Mars, the earth satellite 
program, Russian missile progress, and 
the over-all need for basic research. 

Sponsored by the Southern Research 
Institute, the two-day “Age of Space” 
gathering included, besides the speeches, 
a visit to Redstone Arsenal at Hunts- 
ville, home of the Army Ballistic Missile 
Agency on May 17. The tour featured 
rocket firing and missile handling dem- 
onstrations, said by base personnel to 
have been the most extensive yet for a 
nonclassified group. 

Dan A. Kimball, president of Aerojet- 
General, took the opportunity during 
his talk to announce that his company 
had statically fired on March 28 ‘the 
largest solid propellant rocket engine in 
the world.” He added during ques- 
tioning that two engines had, in fact, 
been successfully test fired at the Sacra- 
mento plant, and that the rockets were 
for a Navy ballistic missile (presumably 
the IRBM Polaris). The propellant 
used is a rubber-based compound, he 
revealed. 

In his formal address, Mr. Kimball 
described one of Aerojet’s most promis- 
ing solid propellant materials as ‘‘a com- 
bination of fertilizer grade ammonium 
nitrate with synthetic rubber and an oil 
extender.” Cost of the GR-S fuel is 
about six cents a pound, he said. 

Maj. Gen. Dan C. Ogle, surgeon 
general of the Air Force, spoke on 
“‘People for Space Vehicles.” In choos- 
ing psychologically stable persons for 
prolonged space travel, he speculated 
that “various steroids, hormones, and 
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ENHANCED CAREER OPPORTUNITIES FOR 
ROCKET ENGINEERS AND SCIENTISTS 


REACTION 
MOTORS 
UNVEILS 
NATIONS 
LARGEST 
ATTITUDE 
TEST STAND 


RMI’s new attitude test stand handles up to 
1,000,000 lb. thrust engines in firing attitudes 


from vertically downward to 45 degrees above 
horizontal. It is just one of more than 20 spe- _ 


cial testing facilities for rocket engine devel- _ 


opment and production testing. — a 


Some of the most advanced work in rocketry is going on right - 
here in the East, at RMI’s extensive test area in the heart of © 
the beautiful Ramapo Mountains of New Jersey. Here the > 
experienced rocket engineer or scientist has every opportunity | 
for highest professional development. 5 


Expanding from a broad base of past achievements through | 
= application of new concepts and outstanding new facilities, _ 
RMI is now working on highly classified developments that : 
promise to establish the era of space flight sooner perhaps © 
than anticipated by experts only a year ago! 


Immediate openings exist for these high-level specialists: 


PRODUCT ENGINEER (APPLICATIONS): 


B.S. in M.E., A.E. or equivalent with a minimum of 5 years 
A airframe powerplant experience, Your background should 
- also include engineering and customer contact on technical _ 
products and services. You will assume responsibility for _ 
organizing a program to apply new and existing 2 il 7 
_ plants to all types of missiles. 2-3 days of your week will be 
spent answering inquiries and preparing proposals, the re-— 
maining 2-3 days traveling. 


Prefer M.E. or A.E. degree and a minimum of 6 years expe- | 

rience in aircraft engines or airframes. You should have 
' 4 extensive design experience, including plenty of board time, 

shop contact, structural design, stress analysis. You will be — 
working directly with design engineers and layout draftsmen © 
on design of light weight, complex structures. 


; In addition to the unusual career opportunities these posi- — 
tions provide, you will enjoy all the advantages of beautiful 7 
residential communities, situated amid lakes and mountains, _ 
yet less than an hour’s easy drive from New York City. 

Further details may be obtained by writing a note or card | 
to Curtiss Bacon at the address below. 


REACTION MOTORS INC. 
65 FORD ROAD, DENVILLE, N. J. IVT 
POWER FOR PROGRESS 
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Missile 


WHATEVER YOUR GOAL IN ENGINEERING 
MISSILE OPERATIONS OFFERS CHALLENGING 
CAREER OPPORTUNITIES IN 


DESIGN 


LABORATORIES 
and 


"MANUFACTURING 


for 
iy Engineers with Experience 
in 
STRESS WEIGHT - MECHANICS 
HYDRAULICS - PLANT ENGINEERING 
- QUALITY CONTROL - PNEUMATIC TESTING 
METALLURGY - AERODYNAMICISTS 
AEROTHERMODYNAMICISTS 
tf PRESSURE AND TEMPERATURE TEST a 
PLANNING 
ELECTRO-MECHANICAL PACKAGING 
GUIDANCE AND CONTROL - ELECTRONICS 
TELEMETRY - INSTRUMENTATION 
ANTENNA AND TRANSFORMER ENGINEERING 
_ These are positions in suburban Detroit, 
Michigan. 
WATCH YOUR LOCAL NEWSPAPER’S 
ns CLASSIFIED ADS FOR WORD OF MISSILE 
OPERATIONS RECRUITERS IN YOUR AREA 


or write 


CHRYSLER CORPORATION 


Personnel Dept. 
Detroit 31, Michigan 


Missile Operations, 
P.O. Box 2628, 


other bio-chemical substances may be 
valuable indicators of latent stability, 
resistance, anxiety, heroism or fear. 
Human chemistry may determine our 
susceptibility to collapse or disease, and 
the electro-physical properties of the 
skin may tell scientists our capacity for 
continuing awareness.” 

Gen. Ogle also mentioned studies at 
the University of Texas on closed eco- 
logical systems for providing balanced 
removal of carbon dioxide and other 
wastes with input of oxygen, etc. It 
has been found, he said, “that about 2.3 
kg of a certain green alga, the chlorella 
pyrenoidose, are sufficient to balance the 
gas metabolism of one man.” 

Other topics and speakers included 
“Metals for Space Travel,” by F. L. 
LaQue of International Nickel; ‘“The 
Earth Satellite Program, ” by John P. 
Hagen of the Naval Research Labora- 
tory; “A Trip to Mars,” by Ernst 
Stuhlinger of ABMA; ‘Russian Missile 
Technology,” by Erik Bergaust of 
Missiles and Rockets; and ‘Military and 
Civilian Research,” by C. C. Furnas of 
the University of Buffalo. 


Record Aerobee-Hi 


Aerobee-Hi No. 41 fired at White Sands 
Proving Ground on April 30 set a world 
altitude record of 193 miles for single- 
stage booster rockets. The previous 
record was 164 miles. The missile, which 
landed 50 miles north of the launching 
site, achieved a speed of 4900 mph during 
its flight. Burnout time was 53 sec, 
altitude at burnout 147,000 ft and 
velocity at burnout 7200 fps. 


JET PROPULSION 
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MISSILE SYSTEMS PROPULSION 


Weapon systems management activities at Lockheed’s 
Palo Alto, Sunnyvale and Van Nuys organizations 

call for significant achievement in propulsion. 

Areas include design analysis, evaluation of test 
information and technical management of propulsion | 
subcontractors. Inquiries are invited from those 
possessing a high order of systems ability and — os 
strong familiarity with solid and liquid propellant 

rockets and ramjets. Please address the Research and 
Development Staff, Sunnyvale 20, California. 


MISSILE SYSTEMS DIVISION 


LOCKHEED AIRCRAFT CORPORATION 


PALO ALTO * SUNNYVALE * VAN NUYS 


= 


Here Propulsion Staff members discuss problems i 
relating to accurate positioning of a vehicle in the upper 
atmosphere. Left to right: J. F. Houle, propellant 

feed systems analysis; B. Ellis, Propulsion Department 
manager; J. J. Donhan, control force generators. 
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ORE power in a smaller package, 

the common cry of the military 
since the air age began, has today as- 
sumed vital importance with the ar- 
rival of volume-limited aircraft and 
missiles. 

To satisfy the energy cravings of 
their super- and hypersonic vehicles, 
the services are waiting impatiently 
for production quantities of the high 
energy chemical fuels from the “Zip” 
project. They are not marking time 
while waiting, however, but are instead 
searching for improved hydrocarbon 
fuels. In this quest, they seem to be 
shifting from gasoline to kerosene to 
provide the final push out of the pe- 
troleum era. 

Military specifications for kerosenes 
have been issued for turbojets, ram- 
jets, and rockets. The Navy is turning 
to kerosene for shipboard as well as 
land-based aircraft. Kerosene will fuel 
the first stage of the Vanguard vehicle. 

But promising to outstrip even the 
best hydrocarbon fuels are the hydro- 
gen-boron combinations, with more 
than half again as much combustion 
energy available to propel the vehicle. 

With 50 per cent, or 9000, more Btu 
per lb from a fuel with a density like 
JP-4, presently the most popular jet 
fuel, the Air Force could, with a repre- 
sentative weapons system, “do any 
one of these or a combination of part of 
any of them: 

“Fly at 60,000 ft instead of 40,000; 
go 5000 nautical miles instead of 
3500; fly six hours instead of four; 
fly at Mach 3.0 instead of 2.5.” 

B. F. Wilkes, of the Aeronautics 
Division Directorate of Research and De- 
velopment, Deputy Chief of Staff, 
Development HQ of the Air Force, 
gave these figures in calling for, in 
effect, fuels with more Btu per gallon. 
He predicted that the petroleum in- 
dustry could expect turbojet fuel 
specifications calling for very low vola- 
tility and higher density, the latter 
held within tight limits. For ramjets 
and rockets, Mr. Wilkes saw several 


special-cut distillates with narrow API 
gravity and distillation ranges (30 to 
40 deg, and 300 to 400 F, respectively). 

Versatile JP-4: Returning to the 
present, two-thirds of all fuel burned 
by Air Force planes this year will be 
JP-4. Practically all of it goes into 
turbojets, although some rocket en- 
gines use it. The fuel has been de- 
scribed by oil companies as a wide-cut 
gasoline, effectively composed of 35 
parts kerosene to 65 parts aviation 
reciprocating engine gasoline (AVGAS). 
Though the easiest fuel to make, it is 
not necessarily the cheapest. Indica- 
tions are that it will hold its dominant 
position percentage-wise in consump- 
tion statistics for at least five years, as 
shown in Table 1. 

Kerosene is the first cut from crude 
oil, boiling out of the distillation column 
at 300 to 500 F. In general it is a 
safe, cheap fuel, although high-grade 
kerosene now sells for about half cent a 
gallon more than JP-4 because of rela- 
tively limited production. 

The turbojet (JP-designated) fuels in 
numerical order are: 

e JP-1, a very expensive leis’ the 
high cost due to a very low freeze point 
(—76 F) requirement. Demand is 
generally limited to subsonic jets of 
NATO countries, U. S. aircraft now 
being fed JP-4 and JP-5. The latest 


Table 1. 


Air Force Fuel Estimates 


oe (Millions of gallons per fiscal year) 

1957 1958 1959 1960 
AVGAS 1350 1400 1400 1350 
JP-4 3000 3800 4500 5000 
JP-6 5 
RJ-1 6 
RP-] 11 

AIA. 


0 “Zip — Energy Calling 
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for JP-6, 
many of the properties of J P-1 
JP-2, an experimental fuel which 
never saw volume production. 
e JP-3, in effect a high vapor pressure 
JP-4. Its use has been almost ex- 
clusively in land-based Navy jets; 
JP-5 is replacing it. 
e JP-4, a wide-cut gas for planes up to 
Mach 1.5 capabilities. 
e JP-5, a kerosene distinguished by a 
high flash point (140 F). Exclusively 
Navy in demand, with the elevated 
shipboard 


returns to 


flash point dictated by 
ee ies safety rules. It fuels carrier jets ca- 
__ Pentaborane (B; Hy) pable of Mach 3.0 speeds. 


e JP-6, a wide-cut kerosene featuring 
good thermal stability and clean burn- 
ing characteristics, used in Air Force 
planes with Mach 1.5-2.0 capabilities. 
The thermal stability requirement has 
been necessitated by the increasing use 
of airborne fuel as the heat dump of 
the craft. Temperatures reached in the 
fuel tanks (in combination with pres- 
sures and dwelling times) are often 
enough to produce thermal cracking of 
the hydrocarbons, with attendant resin 
deposits in the plumbing. 

For ramjet engines, RJ-1 is the only 
announced specification. Its diesel-like 
weight (73 Ib per gal) gives it higher 
energy content than the JP family 
(average weight 5-6 lb per gal). High 
temperature stability and clean burning 
are other notable characteristics. The 
specification generally insists on smaller 
variations of specific properties than re- 
quired of the turbojet fuels. 

William 8. Little Jr., a Shell Oil 
technical representative, considers the 
RJ-1 spee ‘a high quality approach to 
ramjet fuels.”” The military “wants a 
material not as easy to ignite as the 
JP fuels (but at the same time) wants as 
high an energy content per pound as 
possible, or high energy per gallon, be- 
cause such craft are normally volume 
limited.”’ 

Finally, the only publicized rocket 
engine fuel, RP-1, is a lighter cut 
kerosene than RJ-1. It boasts few 
contaminating aromatics, with a high 
level of burnability. 

Enter B-H Combinations: Suc- 
cessful development of the high energy 
boranes, the compounds of boron and 
hydrogen, represent the culmination of a 
decade of American effort on com- 
bustion studies and the use of the 
compounds in rocket jnotors, ramjets 
and air-breathing engines. Intensive 
studies began with liquid and solid 
boranes in 1952 with the Navy’s “Zip” 
project. Production quantities are 
scheduled for next year. 


Kuenl Besides claiming for the borohydrides 
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A new series of Solenoid Valves — 


completely hermetically sealed and qualification 
tested —are now provided by Futurecraft for air- 
craft and missile use! These completely reliable and 
thoroughly tested and sealed valves are designed for 
all applications where high or low pressure helium, 
nitrogen, compressed air and other gases are used. 


Look at the important advantages these qualified 
valves give you... 


Hermetically Sealed—these valves are absolutely 
unaffected by moisture, sand, dust, fog, frost or ice 
under any conditions of use. 


Qualification Tested—under MIL-E-5272A, MIL- 
S-4040A, NA 5 and the AIA Rocket Technical 
Committee requirements, Futurecraft Valves have 
passed the toughest testing specifications imaginable. 
— 


> 


Types Available: 


2-Way 
3-Way 
4-Way 


Direct or pilot operated 
Standard or miniature models 


N.O. or N.C. 


OPERATION 


Positive operation under all inlet pressures 


from 0 to 3000 psi 
LEAKAGE 


ZERO internal and external with helium 


at all pressures 
DUTY CYCLE 


Continuous duty (72 hr. test) @ 30 V 
at +165°F. 


60 miliseconds maximum to energize or 
de-energize under temperature extremes. 


VIBRATION 


Far exceeds requirements of MIL-E-5272A. 
Tested 32 hrs. under critical resonance 
@22G acceleration, 20 to 2000 cps. 


CYCLE LIFE 


In excess of 50,000 cycles @ 3000 psi. 


PROOF PRESSURE 

5,000 psi. 
BURST PRESSURE 

7,000 psi minimum. 
WEIGHTS 

As low as 8 oz. 


CORPORATION 1717 North Chico Avenue « El Monte, California 


ouT FUTURECRAFT 


201808 
103 
NAS-27002B 
3-WAY N.C. 


If you have a valve application involving control of high pressure 


gases, obtain the exclusive advantages of Futurecraft hermetically 
sealed and fully qualified valves. Futurecraft will gladly provide 
a complete qualification test report to authorized persons on 
request. Send for your copy today, and outline your requirements. 


specializing in control of high pressure pneumatics and corrosive liquids for the missile industry 
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PRESSURE 


If you are now working with gases or liquids under 
extreme pressures—or if you plan engineering in the 
missile field far beyond pressures now considered nor- 
mal—then you need the precise control and perform- 
ance of Futurecraft Regulators. Here’s why... 


Typical operating characteristics cover regulation of 
inlet pressure as high as 4400 psi with outlet pressure 
down to 10 psi— with accuracy of plus or minus .5 psi. 


CORPORATION 


rth Chico Avenue « El Monte, California 


High flow rates range to 12,000 scfm of helium under 
regulated pressure of 665 psi. 


Operation to rated capacity is maintained under 
ambient temperature ranges from —260°F. to +400°F. 
—a vital factor for missile use. 


Every regulator type—dome loading piston or dia- 
phragm types...single or dual stage... with or without 
integral relief valve... programming regulators giving 
two different outlet pressures on electrical signal... 
liquid regulators—are Futurecraft engineered for the 


aircraft and guided missile industry. a 


Whatever your problem in high pressure regulation and control of gases or liquids, 
bring it to Futurecraft. Our engineering staff will gladly work with you. 


WRITE FOR FURTHER DATA 


Futurecraft designs and manufactures for aircraft 
and guided missiles the following valve types: 
Solenoid Valves, Blade Valves, Propellant Valves, 
Pressure Relief Valves, Manual Control Valves, 


Pressure Regulators, Shuttle Valves, Check Valyes, 
Line Valves and Filters, Explosive Valves, Butter- 
fly Valves, Vent and Relief Valves, Burst 
Diaphragms, Quick Disconnect Couplings and 
Irradiated Polyethylene and Teflon “O” Rings. 


Specializing in control of high pressure pneumatics and corrosive liquids for the missile industry 
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Here is a highly sensitive, quick response pressure 
regulator for accurately controlling gases under high 
pressure. The Hi/Lo Hand Loader covers the widest 
possible range of downstream pressures, and once set 
does not allow “creep” or drift from established gauge 
readings. The unit is of the zero bleed, internal vent- 
ing type, simple hand adjustment clockwise providing 
for pressure regulation, and hand adjustment counter- 
clockwise providing for pressure relief over the 0- 
3000 psi operating range. 


+ inquiries 
invited 


1717 North Chico Avenue e El Monte, California 


INSTANT PRESSURE REGULATION 
from 0-3000 pst 


GEWERAL SPECIFICATIONS 


This new Futurecraft valve is the result of four years’ 
development work, spent to produce a wide range, pre- 
cise unit for accurately testing rocket and pneumatic 
components. It is extremely simple, assuring long, 
trouble-free service. There is no diaphragm to break, 
no parts to require adjustment, no constant lubrication 
required. Porous bronze inlet and outlet filters furnished 
with the unit are easily accessible for cleaning, and a 
simple mounting bracket provides for any panel in- 
stallation requirement. Typical uses include HELIUM, 
nitrogen and compressed air service in calibrating and 
testing, and as an adjustable relief valve. 


If you need convenient, accurate and sensitive regulation of high pressure gases, 
this new F uturecraft Hi/Lo Hand Loader can help. 


WRITE FOR FURTHER DATA 


Futurecraft designs and manufactures for aircraft 
and guided missiles the following valve types: 
Solenoid Valves, Blade Valves, Propellant Valves, 
Pressure Relief Valves, Manual Control Valves, 


Pressure Regulators, Shuttle Valves, Check Valves, 
Line Valves and Filters, Explosive Valves, Butter- 
fly Valves, Vent and Relief Valves, Burst 
Diaphragms, Quick Disconnect Couplings and 
Irradiated Polyethylene and Teflon “O” Rings. 


- specializing in control of high pressure pneumatics and corrosive liquids for the missile industry 
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Part Size: | tube per AND 10056 
Pressures: | Operating — 0-3000 psi 
Flow: | Equals .125” diameter sharp edge orific 
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This Futurecraft manifold system controls gas or fluid flow of 
propulsion system pressurizing in rockets and missiles. Using _ 
any combination of filters, regulators, master valves, solenoid 
valves, pressure releases — or other control components needed | 
for a specific application — this system of packaging provides 
these advantages .. . 


Up to 4% saving in weight over conventional panel 

type mounting 
Space economy, achieved with extremely compact 
design and construction 7 
Elimination of piping —and leakage or failure of 
connecting components 
Simplification of check-out procedures, inspection, x 
installation, replacement and procurement 

Reduced cost through simplified system and stand- 
ardization of parts 


Sub-System Manifolding, designed, engineered and built by 
Futurecraft for leading missile manufacturers, has been proven 
on complex projects. Operating pressures to 4,500 psi (helium 


system) are handled with zero leakage. A wide variety of 
controls can be established in a single system to meet specific 
requirements. Each system is built, tested and checked out as 
a complete package. 

If manifolding is your problem, find out how Futurecraft can 
help. Our engineering staff will gladly supply further details— 
or make a specific recommendation. 


Call — or write — today! 


Futurecraft designs and manufactures for aircraft 
and guided missiles the following valve types: 
Solenoid Valves, Blade Valves, Propellant Valves, 
Pressure Relief Valves, Manual Control Valves, 
Pressure Regulators, Shuttle Valves, Check Valves, 
Line Valves and Filters, Explosive Valves, Butter- 
fly Valves, Vent and Relief Valve's, Burst 
Diaphragms, Quick Disconnect Couplings and 
irradiated Polyethylene and Teflon “O” Rings. 
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The best-behaved propellants 
controlled! 


Futurecraft Propellant Valve used on the North American Aviation 50,000 pound 
thrust rocket engine which propels the Cook Electric Research Laboratories sled. 82S 


Putting a harness on rocket gta is a — tough problem in the missile industry. 
But even fuming nitric acid is as meek as a kitten under the controlling hand of these 
Futurecraft Blade Valves! 

Here are some of the important control features designed and built into these valves for 
your control problems: 


1. You get absolute minimum pressure drop and unobstructed, non-turbulent flow. 
2. Extremely accurate and consistently controlled openings and closings are provided. 


3. Valves can be adjusted for controlled oxidizer or fuel lead during rocket motor 
starting transient. 


4. Built in by-passing simultaneous with cut off of the main flow, eliminates shock 
loads on closing. 


5. Valves can be used as variable orifice control valves with proper slave system. 


And to top it off, these Blade Valves have ZERO leakage, and are designed to handle 
operating pressures to 1000 _ and temperatures from —300°F to +250°F. They are 
proven in service for propellants and liquids such as liquid oxygen, RFNA, WFNA, 
aniline, hydrazine, ethylene oxide, propyl nitrate, JP-4, JP-5, hydrogen peroxide, air, 
nitrogen and water. 

Blade Valves are only one of the many valve types engineered and built by Futurecraft 
for the guided missile and aircraft industries. Let us help you. Send your specifications 
for a prompt recommendation. Futurecraft specializes in development of hydraulic/pneu- 
matic components, and your inquiry will receive quick attention. 


General Specifications 
BLADE VALVES 


SIZES: from 1/2” tube to 7” through port 
BODY: 356-T6 aluminum alloy of 61 ST 
PARTS: heat-treated 416 stainless steel 
stainless steel blades 

PACKING: Teflon of Kel “F” with Teflon 
inserted friction-free pressure pads 


Send For Your Valve Selection Chart! 
To help you with your engineering, write for this valuable selection chart. Valves 
made by Futurecraft are detailed as to size and type, actuating means, material, 
packing, weight, temperature range, operating pressures, flow characteristics and 
other helpful facts. It’s yours for the asking — send for it today! 


Futurecraft designs and manufactures for aircraft 
and guided missiles the following valve types: 
Solenoid Valves, Blade Valves, Propellant Valves, 
Pressure Relief Valves, Manual Control Valves, 
Pressure Regulators, Shuttle Valves, Check Valves, 
¢o PO RATI Line Valves and Filters, Explosive Valves, Butter- 
Diaphragms, Quick Disconnect Couplings an 
1717 North Chico Avenue « El Monte, California Irradiated Polyethylene and Teflon “O” Rings. 
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relieve gases and liquids — 


you will engineer better 


regulate, control, check or 


JFURE CRAFT | 


F 


Single coil, 

3000 psi normally 

closed 3-way valve, 

pilot operated for hydraulic 
or pneumatic service. 


GENERAL SPECIFICATIONS SOLENOID VALVES 


Leakage 


Operating 
Descrip- Itypes sizes |Rate OPerating | voitage| Duty ter 


Pressures ature 


Single On-Off 2 Position, | variations] 18-30V.|—65°F. to |Contin-| Air, Nitrogen, 
Coi normally closed to uous | Helium, Oxygen 


Direct cr open— ¥ 4,000 psi |and and Hydraulic Oil 
Operating Valves —proof |110V. 

Solenoid |3-Way 2 Position, |to 42” pressure J|A.C. 

Valve normally ciosed— 7,500 psi +500°F. 


4-Way 3 Position [Valves 

with or without 
neutral and/or 
manual overide 


Single On-Off 2 Position, |To 1%2”| | variations] 18-30V.|~65°F. to |Contin-| Air, Nitrogen, 
Coi normally closed tubing D.C. |+165°F. juous | Helium,Oxygen, 
Pilot or open— 3,000 psi i Hydraulic Oil, 


Operated variations R.F.N.A., W.F.N.A 
Solenoid | 3-Way 2 Position, Analine, Hydrazine, 
Valve normally closed— —300°F. Ethylene Oxide, 
and Propyl Nitrate 
4-Way 3 Position +500°F. Liquid Oxygen, 
with or without 4, 3.P.-5 


neutral and/or Hydrogen Peroxide 
manual overide 


Double On-Off 2 Position,| To %” Zere 18-30V.|—65°F. to |Contin-| Air, Nitrogen, 
| Coit normally closed tubing to +165°F. juous | Helium, Oxygen, 
Direct 0 3,000 psi with Hydraulic Oil, 
Operating R.F.N.A., W.F.N.A., 
Soleno! to Analine, Ethelene 
—300°F. Oxide, Hydrazine, 
and Propy! Nitrate 
+500°F 


€ORPORATION 


1717 North Chico Avenue « El Monte, California 


with valves by = 


If precision operation of a gas or fluid system 
is your problem, you can achieve the 
ultimate in flow control with valves by Futurecraft! 


Shown here, for example, are Futurecraft Solenoid Operated 
Valves — only a few of the scores of valve types designed and 
engineered by Futurecraft for the guided missile and aircraft 
industries. These components combine light weight, precision 
operation and finest workmanship with temperature, pressure 
and flow characteristics to meet the most exacting standards. 
They are giving outstanding performance and have solved a 
whole range of control problems in modern missile and air- 
craft flight techniques. 


Send us your specifications. Futurecraft specializes in develop- 
ment and building of hydraulic/pneumatic components, and we 
will be glad to give our recommendation based on your require- 
ments. Get in touch with Futurecraft — today! 


Write for this Valve Selection Chart! 


This valuable chart — yours for the asking 
— gives basic information on all Future- 
craft Valve sizes and types, including en- 
gineering data on: actuating means, type 
of service, material, packing, weight, tem- 
perature range, flow and pressure charac- 
teristics and other facts to help you. Send 
for your Selection Chart today. No obliga- 
tion, of course! 


Futurecraft designs and manufactures for aircraft 
and guided missiles the following valve types: 
Solenoid Valves, Blade Valves, Propellant Valves, 
Pressure Relief Valves, Manual Control Valves, 
Pressure Regulators, Shuttle Valves, Check Valves, 
Line Valves and Filters, Explosive Valves, Butt 

fly Valves, Vent and Relief Valves, Burst 
Diaphragms, Quick Disconnect Couplings and 
Irradiated Polyethylene and Teflon “O” Rings. 
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Table 2. Physical Properties of Hydrocarbon Fuels 
Distillate Gravity, a Freeze Point, Flash Point, General 
Range, °F deg, API °F, max °F, min Description — : 
JP-1 400-570 35 (min) —76 110 Low freeze : 
kerosene 
JP-3 150-500 50-60 mi a —76 NR High vapor pres- 
<. sure JP-4 
JP-4 200-550 45-57 —76 NR Wide-cut gas- 
oline 
JP-5 350-550 36-48 —40 140 High flash kero- 
sene 
JP-6 250-550 37-50 —65 NR Thermally stable 
kerosene 
RJ-1 400-600 32.5-36.5 —40 190 | Thermally stable, 
heavy kerosene 
RP-1 380-525 42-45 —40 110 Pure, light cut 
kerosene 
NR: No requirement. 
60 per cent greater heat of combustion w ts 
than JP-4, developers have mentioned 7] 
increases of 15 to 35 per cent in the Renaliam heaude 
specific impulse rating. Further, one Diborane 
developer, Callery Chemical Co., says - Pentaborane 


the compounds “can be used efficiently 
at altitudes where ordinary fuels will 
not burn.’ 

Heats of combustion for the B-H 
combinations have been placed around 
30,000 Btu per Ib, in contrast to the 
18,500 of hydrocarbon fuels. Hydrogen 
releases 52,000 Btu per lb, the highest 
value for any pure material, while 
boron gives up 25,000 Btu. In addi- 
tion, boron is one of the best liquid 
carriers of hydrogen. A stabilizer such 
as carbon, added to make the combi- 
nation less touchy, may reduce the final 
energy release to 28,000 Btu or so, but 
that’s still a 50 per cent jump over 
petroleum fuels (see chart). 

(These combustion figures are based 
on oxygen as the oxidizer. Use of flu- 
orine instead of oxygen would give 
greater performance, according to one 
fluorine expert.) 

Earl A. Weilmuenster of the Olin 
Mathieson Chemical Corp., a second 
developer of the high energy fuels, 
revealed last month that pentaborane 


Tetraborane 
Decaborane 
Lithium hydride 
JP-4 

Ethyl] alcohol 
Furfural 
Hydrazine 


and decaborane are the liquid propellants 
getting the most attention (see Table 3). 
The usual route to these higher boranes 
is through diborane, with the simple 
application of heat to perform the 
conversion; “many” other ways, not cited 
in his paper, were also available, ac- 
cording to Mr. Weilmuenster. 

Diborane itself is prepared by the 
addition of lithium hydride to boron 
trifluoride etherate. Lithium fluoride 
and ethy] ether are by-products of the 
reaction, but the diborane, being a gas, 
is conveniently removed from reaction 
medium. The stoichiometric equation 
given by the scientist was 


Table 3. 


Molecular 
Weight 
Diborane (BsHg) 27.7 
Pentaborane (B;Hg) 63.2 
Decaborane 122.3 


Source: Olin Mathieson Chemical Corp. 


Physical Properties of Boranes 


Melting Boiling Specific 
Point, °F Point, °F Gravity 
—265 —134 0.43 
— 52 140 0.61 

211 415 0.94 


JUNE 1957 


Btu /Ib X 108 


Olin Mathieson Chemical Corp. 


Source: 


Heat value of propellants 


6LiH + 2BF;(C.H;),0 > 
+ 6LIF + 2(C2H;),0 


Parenthetically, it may be noted 
that fear’ had been expressed late last 
year that removal of contaminating 
traces of hydrogen and nitrogen from 
the gaseous product could be a “key 
drawback” to the fuel’s manufacture. 
Fractional distillation at low tempera- 
ture, cited as the usual method, was 
very costly. Ralph K. Birdwhistell 
and co-workers at Michigan State Uni- 
versity then came up with evidence 
that separation could be effected by 
diffusion through a plastic membrane, 
the diborane slipping through much 
faster at room temperatures than the 
other two gases. No mention of how 
useful the discovery has been to pro- 
duction was heard, however. 

Olin Mathieson will produce two 
high energy fuels, designated HEF-2 
and HEF-3, presumably the penta- 
and decaboranes, at a $36-million plant 
for the Air Force and at a smaller 
unit for the Navy. Both facilites are 
being erected at Model City, New 
York. Also, the company’s pilot plants 
in nearby Niagara Falls are turning 
out experimental quantities of the 
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fuels, it has been reported. 

Callery, with its HiCal boron fuel 
for the Navy, broke ground in March 
on a $38-million plant in Oklahoma, 
and last month announced the begin- 
ning of work on a $4-million inter- 
mediates plant in Kansas. 

In addition, American Potash and 
Chemical last month revealed that it 
has produced some decaborane. The 
company, one of three in the non- 
Communist world that produces boron, 
mentioned no production plans. Other 
boron suppliers, U. 8. Borax and 
Chemical and Stauffer Chemical, are 
reported to be researching the field and 
producing intermediates, respectively. 
Development contracts for application 
of the fuels to jets have been let to a 
number of big aircraft companies, 
among them North American Aviation 
and Boeing Aircraft. 

Some unique materials such as 
slurries of aluminum and magnesium 
have been investigated by the National 
Advisory Committee for Aeronautics. 
Another novel path, that of using the 
beta radiation from isotopes to speed 
the burning of a gaseous fuel, has been 
successfully tried by Stuart Churchill 
and his colleagues at the University of 
Michigan. 

But it seems evident that the big 
push in propellants in the foreseeable 
future will be in the boron-hydrogen 
combinations where all desirable char- 
acteristics of a fuel can be found: High 
energy content per unit weight and per 
unit volume, easy handling and low cost. 


British Missile 

Firestreak, an air-to-air missile with 
infrared homing, has been put into pro- 
duction by the British Royal Air Force 
for the Electric P.1. and the Gloster 
Javelin fighter aircraft. Charged with 
turning out the weapon is the developer, 
de Havilland Propellers Ltd. of Hat- 
field, England. 


De Havilland Firestreak homes on target. 
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Noses into 


A new family of crystalline ma- 
terials, made from glass, but ex- 
tremely hard and fine-grained, was 
revealed last month by Corning Glass 
Works. It has already been centrif- 
ugally cast into missile radomes. 

The materials, named Pyrocerams, 
are reportedly harder than high car- 
bon steel, lighter than aluminum, and 
up to nine times stronger than plate 
glass. More specifically, they are said 
to exhibit high mechanical strength, 
excellent electrical insulating proper- 
ties, superior thermal shock resist- 
ance, high deformation temperatures 
and good chemical resistance. 

Discoverers see the ceramic-like 
substances finding wide use in super- 
sonic aircraft, jet engine components, 
the chemical and oil-refining indus- 
tries (as piping), and the home. 

“Certain types of Pyroceram keep 
their strength at temperatures as high 
as 1300 F,”’ Corning officials stated. 
They hailed the discovery, by S. 
Donald Stookey of their fundamental 
research labs, as one of the greatest 
technological advances in glass re- 
search since heat-resistant borosilicate 
glass was found early in this century. 

Softening temperatures range up to 
2460 F for the four types of Pyroceram 
that have been fully investigated. 
These, with a specific gravity varia- 
tion of 2.40 to 2.62, were chosen from 
about 400 that were experimentally 
melted. About a thousand materials 
have been conceived. 

Heat Expansion Variable: Tailor- 
made coefficients of thermal expan- 
sion, from slightly negative (contrac- 
tion) to high enough to match heavy 
metals (200 X 10~7/degree C), can be 
achieved, suggesting bonding of Pyro- 
ceram to metal for high temperature 
applications. Pyroceram by itself can 
show flexural strengths as high as 60,- 
000 psi and strength-to-weight ratios 
greater than titanium or stainless 
steel, the company claims. 

In the manufacturing process, one 
or more nucleating agents are com- 
pounded into the special glass batch. 
The fluid melt is formed into the de- 
sired shape by conventional pressing, 
drawing, blowing, rolling or centrifu- 
gal casting glass techniques. (Certain 
Pyrocerams can even be investment 
cast for complex, close tolerance 
parts, it is said.) 

Still glassy in appearance (see 
photo), the piece is first cooled, then 
given a series of heat treatments that 
cause the nucleating agents to form 
billions of submicroscopic crystallites 
per cubic millimeter. These crystals 
may vary in size from a few hundred 


Crystalline ‘Glass’ 
Missile Field 


to ten thousand Angstrom units, with 
each crystallite acting as a center of 
growth as the heat continues in the 
furnace. Machining is possible after 
the final cooling. 

The finished piece can be transpar- 
ent or opaque. Because of its imper- 
meability to gases (as good as the best 
glasses), it is pictured as a construc- 
tion material for high vacuum ap- 
paratus. Further, the material has 
the capability of insulating within an 
electric field and yet not becoming 
heated itself. And, as a polycrystal- 
line oxide, it does not oxidize. 

More Expensive Than Glass: Only 
pilot plant volumes have been pro- 
duced by Corning so far, so cost data 
are sparse. However, the probability 
is that, while Pyroceram materials 
will be more expensive than glass, they 
will be ‘‘much less costly than stain- 
less steel,’ the company stated. 


Missile radomes made from Pyroceram 
before (left) and after heat treatment that 
induces crystal growth and turns glassy 
noncrystalline material into opaque crystal- 
line substance. 


A few months after its discovery 
more than a year ago, Corning was 
awarded a Navy nose cone research 
and development contract by the Ap- 
plied Physics Laboratory of The Johns 
Hopkins University. The missile ra- 
dome is the result. 

Lighter than aluminum and with a 
flexural strength of 40,000 psi, the 
Pyroceram used in the radome pro- 
tects the sensitive directional instru- 
ments in the nose of the missile from 
the high temperatures of hypersonic 
flight. Corning was unable to say at 
this time which missiles will carry the 
radome. 

High frequency insulating dielectric 
properties comparable to those of the 
best electrical ceramics have been found 
in one Pyroceram. At 10" eps the loss 
factor of this type is about two-thirds 
that of dense alumina. 
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WHY DOUGLAS ENGINEERS AND SCIENTISTS GO FURTHER... 


At DOUGLAS, you'll work to expand the 
frontiers of knowledge in today’s most 


Pos 


ol 


advanced missiles program 


1. Nike 


2. Honest John 3.Sparrow 4. Thor IRBM 


5. Secret 6. Secret 7. Secret 


— It's no secret that we're in the “missile business" to stay...with sixteen years 
= behind us and an ever-expanding future ahead . 


There can be no mightier challenge than to be 
assigned to any one of the major projects now 
under way in the Douglas Missiles Division. 
Some — like Nike and Honest John — have 
pioneered missile development. Others on which 
Douglas engineers are engaged are extending the 
horizons of present-day development...cannot be 
mentioned for reasons of national security. 74 
GO FURTHER 


WITH 


FIRST IN AVIATION 


These are the projects that require engineers 
who are looking far beyond tomorrow. You will 
use all of your talents at Douglas and have the 
opportunity to expand them. Your only limita- 
tions will be of your own making. Douglas is an 
engineer’s company ... run by engineers. Make it 
your working home and build an important and 
rewarding future in your field. 


For complete information, write: 
E. C. KALIHER 
MISSILES ENGINEERING PERSONNEL MANAGER 
DOUGLAS AIRCRAFT COMPANY, BOX J-629 
SANTA MONICA, CALIFORNIA 
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Jet Propulsion News 


Holaday Succeeds 
Murphree as Missile Czar 


ILLIAM M. HOLADAY, former 

Socony-Mobil Oil Co. executive, 
last month was named by Secretary of 
Defense Charles E. Wilson to succeed 
Eger V. Murphree as Special Assistant 
for Guided Missiles in a move designed 
to speed ICBM and IRBM develop- 
ment. Murphree will continue to serve 
the Defense Department in an occas- 
ional advisory capacity. 


William M. Holaday 


In announcing the appointment, 
Wilson also made known an adminis- 
trative reorganization to hold down 
costs of the Vanguard earth satellite 
program, which have already soared 
to $57 million, against an original 
outlay of $20 million. Wilson stressed 
that the Vanguard project, as well as 
an unspecified program for develop- 
ment of missiles of moderate ranges, 
must not usurp priorities granted to 
long-range missile development. 

Under the new setup, Holaday’s 
responsibilities will include not only 
long-range ballistic missiles and the 
Vanguard project, but also any other 
ballistic missile program with ranges 
equal to or greater than the Army’s 
200-mile Redstone. 

The directive to Holaday restates 
the highest priority for the five inter- 
continental and intermediate range 
missiles. It also gives him authority 
over the anti-ballistic-missile missile, as 
well as over guided missile ranges and 
their utilization. 

The designation of Holaday to co- 
ordinate the earth satellite program 


was said to be based on financial 
difficulties. However, officials stated 
that actual work on the project would 
not be affected, and launching is still 
planned for some time next year. 


MISSILES 


e A record in speed—more than 9000 
mph—is reported to have been reached 
by a Lockheed X17 at Patrick AFB. 
The three-stage research missile, pow- 
ered by five Thiokol rocket engines, at- 
tained a speed of 9240 mph, or about 14 
times the speed of sound. The previous 
record speed reached by a test missile 
was 8000 mph, recorded by a five-stage 
rocket fired from Wallops Island, Va. 
The X17 is also reported to have 
reached an altitude of 600 miles, the 
same as that reached by Jupiter C mis- 
sile at Cape Canaveral, Fla. The rec- 
ords reported have not been officially 
confirmed. 

e At the U. S. naval establishment, 
Roosevelt Roads, Puerto Rico, a center 
for missile firing training is being de- 
veloped. First missiles, with a range of 
about 500 miles, will probably be fired 
within a year. 

e The Air Force is. expected to place 
limited production orders for the Bo- 
marc antiaircraft missile with Boeing 
Airplane Co. in the very near future. 
One contract, and possibly two, will 
shortly be announced by the Air Ma- 
teriel Command, Dayton, Ohio, for the 
surface-to-air ramjet missile. While no 


official AF statement has been made 
about the size of the contracts, dollar 
volume for 1957 for the two contracts 
will probably exceed $50 million. 

e Western Development Division, Air 
Research and Development C ommand, 


LOMPOC. CALF 


Inglewood, Calif., has been redesignated 
Headquarters, ARDC, Ballistic Missile 
Division. No changes in mission or or- 
ganization are involved in the name 
change, made to provide a more descrip- 
tive title for the division in keeping with 
the expanded scope of Air Force re- 
sponsibility in the ballistic missile field. 
Maj. Gen. Bernard A. Schriever will 
continue to command the newly desig- 
nated headquarters. 

e Staged by the Air Proving Ground 
Command of the USAF to provide 
comprehension of the combat-ready 
capabilities of air power, an aerial fire- 
power demonstration was put on for 
6500 visitors from all parts of the coun- 
try and abroad at Eglin AFB, Val- 
pariso, Fla., on May 6. Techniques 
demonstrated included air-to-air rock- 
ets, precision toss bombing by a B-57 
Intruder, and jet aircraft launching 
rockets against simulated hostile gun 
batteries. 

e Missile pads are under construction 
at Eglin AFB. Missiles will be tested in 
operational environment to develop 
techniques and demonstrate the ability 
of small crews to operate and maintain 
the equipment in simulated combat. 
Eglin, with its surrounding 465,000 
acres, is headquarters for the Air Force 
employment and suitability testing 
agency. Last year construction was 
started of a launching site for ground-to- 
air missiles. The existing support facili- 
ties and instrumented land and water 
ranges make Eglin a natural choice for 
testing these missiles in operational en- 
vironment. 

e The U. S. has proposed that all re- 
search on intercontinental ballistic mis- 
siles be stopped in the first stage of any 


New Air Force Missile Training Base 


Ground-breaking ceremonies were held 
last month at Cooke Air Force Base, 
formerly Camp Cooke Military Reserva- 
tion, Lompoc, Calif., which will be used 


as a training base for Air Force missile 
units. Some AF personnel are now on 
the base, which is undergoing rehabilita- 
tion, modernization and construction. 
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Du Pont Lino-Writ 4 emerges from drying drum of an automatic processor after normal development. 
Unretouched photo shows clear, clean traces obtained from 60, 600 and 2000-cps traces recorded on one paper. 


New DuPont Lino-Writ 4 HAS THE WIDEST RANGE! 


The remarkable new emulsion on Du Pont Lino-Writ 4 
makes it the fastest oscillographic paper you can use 
... and the paper with the widest range. As you can 
see from the photograph, you can record frequencies 
from 60 to 2000 cps on the same roll. 

In addition to speed and latitude, new Lino-Writ 4 
is 20% thinner than previous extra-thin Du Pont paper. 
It’s packaged in splice-free rolls up to 475 feet long. 
That means extended recording runs and reduced test- 
ing costs. Ultra-thin Lino-Writ 4 is translucent, so you 
can easily make sharp duplicate records of test data. 


other recording paper now on the market. 
New Lino-Writ 4 is the newest of the Du Pont line 


of oscillographic recording papers, assuring a Du Pont 
paper for every recording need. 


E. |. du Pont de Nemours & Co. (Inc.) JP-6 
2420-17 Nemours Building 


Wilmington 98, Delaware 


Please send me the free Du Pont booklet, ‘‘Du Pont Lino-Writ 4 


Du Pont Lino-Writ is tough—its all-rag stock has a Nome 
wet or dry folding endurance 67% greater than any Farm 
Street. 
City. State. 
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disarmament agreement. In London dis- 
armament talks, Harold E. Stassen 
suggested the big powers agree now not 
to build missiles and to open research to 
international inspection. 
e To subject intermediate range ballis- 
tic missiles to the same motions they 
would encounter in launching at sea, a 
missile platform will be built for the 
Navy at the missile test center, Cape 
Canaveral, Fla. It will use gimbals and 
hydraulic pistons to simulate pitch and 
roll of a ship. Built by Baldwin-Lima- 
Hamilton Corp., it will be used for some 
land tests of the Lockheed Polaris 
IRBM. 
e Initial launchingsof the HASP weather 
rocket, fired from a 5-in. naval gun to 
100,000 ft, were carried out in March. 
Further large-scale test launchings of 
the high altitude sounding projectile 
are being carried out by the Naval Ord- 
nance Lab., Silver Spring, Md. 
e To check methods of high altitude 
separation, tests were carried out of the 
launching vehicle for the U. S. earth 
satellite at Care Canaveral. Only two 
stages of the three-stage rocket were in- 
volved in the test, the Navy announced. 
For the first stage, a Viking (14th and 
last to be made by The Martin Co.) was 
used. Second stage was a medium-sized 
solid propellant rocket similar to the one 
to be used for the third stage of the 
satellite launching vehicle. 
e To correct any impression that the 
Cajun propulsion unit is an expensive 
rocket, H. Griffith Jones, general 
manager of Thiokol Chemical Corp.. 
advises that his company offers the unit 
as an off-the-shelf item for $1290 each, 
representing only 35 per cent of the cost 
of the Nike-Cajun rocket. 
e IBM has delivered the 704 unit to 
be used by ONR to track and compute 
Vanguard satellite data. 
e With improved Nike systems gradu- 
ally replacing conventional antiaircraft 
artillery, the Army has changed the 
name of its major force engaged in de- 
fending U.S. cities. Formerly known as 
Army Antiaircraft Command (ARAA- 
COM), it is now the U.S. Army Air De- 
fense Command (USARADCOM). 
e At a meeting of the Arnold Air So- 
ciety of the Air Force Reserve Officers 
Training Corps in New York, Thomas 
G. Lanphier Jr., vice-president of Con- 
vair, said he believes the U.S. and Great 
Britain are relying too much on early 
development of ballistic missiles. Re- 
ferring to the British decision to rely 
principally on missiles for defense, Mr. 
Lanphier said that this policy appar- 
ently assumed that American-made 
missiles would be available in about a 
year. The missiles, however, may ac- 
tually be several years away, he ob- 
served. 
e At the Turbojet Engine Hydraulics 
Symposium held by Vickers, Inc., at 


Detroit in April, Vickers exhibite 
pumps which have operated successfull 
at 450 F for 200 hours. The compan 
also announced that pumps to operate : 
550 F are six months away. 
e Three new rocket-propelled targ: 
missiles were introduced by Radioplar 
at the guided missile symposium, Fo 
Bliss, Tex., in April. The fastest missil 
is the RP-76, designed to travel nes 
Mach 1 at 50,000 ft; flight time, 1 
min. Another missile, the RP-77D, 
radio-controlled target drone powere 
by a Boeing 502-10F turboprop engin: 
has a speed of 400 mph. 
e Nike-Hercules missiles with atomi 
warheads are defending many large U.S 
cities, replacing the Nike-Ajax installs 
tions which use conventional warhead: 
One of the first of the new batteries 
controlled by the ‘‘missile master’’ sys 
tem, is located on Governors Island i 
New York. 
e Planned for Formosa by the Air Force, 
a missile unit capable of reaching targets 
several hundred miles within the Chines 
mainland will be equipped with Mata 
dors. The tactical weapon is capable o 
carrying either a conventional or atomi 
warhead. 
e Army Secretary Brucker told ai 
audience in Chicago that nuclea 
weapons have become cheaper than con 
ventional explosives. This fact has 
brought about a major shift to atomic 
arms, particularly guided missiles, in the 
U.S. and Russia. 
e Navy contracts totaling $51.5 million 
were received by Sperry Rand for : 
radar to guide Terrier missiles. Tw« 
contracts totaling $23 million went t« 
Northern Ordnance, Inc., to produc 
launching equipment for the Terrier 
These systems will be used on two new 
supercarriers and a new class of guide 
missile frigates, and for launching sys 
tems for the first atom-powered guide 
missile cruiser authorized by Congress. 
e GE has a $1.5-million contract for de- 
veloping the fire control system to ex- 
plode the nuclear warhead of the Navy’s 
Polaris IRBM, the 1500-mile range mis- 
sile now under development. 
e North American’s missile develop- 
ment division has received an additional 
$21 million for research and develop- 
ment of the Air Force SM-64 Navaho 
intercontinental strategic weapons sys- 
tem. Testing of the Navaho began after 
completion of the flight program of the 
X-10 interim test missile. 
e The world’s largest solar furnace will 
be built by USAF’s Air Research and 
Development Command near Cloud- 
croft, N.M. Producing temperatures 
up to 8000 F, it will be used to study the 
effects of rapid temperature changes on 
missile structure metals. 
e Between late 1954 and this July, $300 
million will have been spent in new in- 
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Through the 

efforts of engineers 

The Garrett Corporation 
has become a leader in many 
outstanding aircraft component 
and system fields. 


Among them are: 
air-conditioning 


pressurization 
transfer 
pneumatic valves and 
controls 

electronic computers 


and controls 
turbomachinery 


The Garrett Corporation is also 
applying this engineering skill to the 
vitally important missile system 
fields, and has made important 
advances in prime engine 

7 “74 development and in design of 
turbochargers and other 
industrial products. 

Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your creative 
talents and offer you the opportunity 
to progress by making full use of 
your scientific ability. Positions 

are now open for aerodynamicists 
...mechanical engineers 


... mathematicians .. . specialists in 
engineering mechanics .. . electrical 
engineers. .. electronics engineers. 
For further information regarding 
opportunities in the Los Angeles, 
Phoenix and New York areas, 
write today, including a resumé 
of your education and experience. 
Address Mr. G. D. Bradley 


9851 So. Sepulveda Blvd. 
Los Angeles 45, Calif. 
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Complete AiResearch pneumatic, 
pressurization and air conditioning 

systems for jet transports oe 


25. Cabin Recirculating Fan 


PNEUMATIC SYSTEM AIR CONDITIONING 


1. Gas Turbine Compressor Unit 14. Cabin Air Conditioning and Pressuriza- 26. Cabin Recirculating Fan Check Valve 
2. Starter Air Bottle tion Shut-off Valve 27. Cabin Electric Heater 
3. Starter Shut-off and Control Valve 15. GTC Air Conditioning Shut-off Valve 28. Flight Station Electric Heater - : 
4. Line Combustor 16. Primary Heat Exchanger 29. Flight Station Recirculating Fan 
5. Turbo Starter 17. Bootstrap Refrigeration Unit 30. Flight Station Recirculating Fan 
6. Empennage Anti-icing or GTC Starting 18. Secondary Heat Exchanger Check Valve 
Shut-off Valve 19. Primary Heat Exchanger Cooling 31. Flight Station Hot By-pass Valve 
7. Load Control Valve Air Fan 32. Auxiliary Ventilation Control Valve 
PRESSURIZATION 20. Secondary Heat Exchanger Cooling 33. Ground Conditioning Valve — 
8. Turbo Compressor Shut-off Valve Air Fan 
9. Turbo 21. Water Separator 
10. Turbo Compressor Check Valve 22. Water Separator Anti-icing Control 34. Bleed Air Control Valve 
11. Emergency Pressurization Valve Valve 35. Anti-icing Shut-off and Control Valve 
12. Cabin Pressure Controller 23. Turbine By-pass Valve 36. Oil Cooler 
13. Cabin Outflow Valves 24. Cabin Hot By-pass Valve 37. Fuel Heater 


All components proved compatible by millions of 
hours of operation with similar type equipment in both piston-powered — 
transports and military turbine-powered aircraft 


Outstanding opportunities for qualified engineers _ 
@_ 


CORPORATION 
AiResearch Manufacturing Divisions 


Designers and manufacturers of aircraft and missile systems and components: REFRIGERATION SYSTEMS + PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS 
CABIN AIR COMPRESSORS + TURBINE MOTORS + GAS TURBINE ENGINES + CABIN PRESSURE CONTROLS + HEAT TRANSFER EQUIPMENT + ELECTRO-MECHANICAL EQUIPMENT + ELECTRONIC COMPUTERS AND CONTROLS 
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dustrial facilities for the ballistic missile 
program. Of this sum, one-third was 
provided by the contractors. 

@ AEC announced that the U. 8. would 
fire its first air-to-air atomic rocket 
during the nuclear tests held last month 
in Nevada. The rocket, armed with a 
nuclear warhead, was to be fired from a 

ilcted plane. 
piloted p 


AIRCRAFT 


e High speed aircraft are launched from 
short fields by a unique air-transporta- 
ble jet-powered catapult currently oper- 
ated by the U. 8. Marine Corps. In a 
demonstration before Navy observers, 
the turbo-catapult launched jet aircraft 
in less than one-fifth their usual take-off 
run. The “turbo-cat,’’ developed by All 
American Engineering Co., Wilmington, 
Del., develops 60,000 hp. 

In the recently patented device (see 
Jer Propuusion, Jan. 1957, p. 82), six 
jet engines are arranged in a circle with 
the exhaust gases flowing into the central 
launching turbines. The turbines oper- 
ate a drum cable system driving a shuttle 
guided in a track; the aircraft is at- 
tached to the shuttle by means of a con- 
ventional bridle. 

e Three F-100C Super Sabre jets last 
month flew 6710 miles nonstop from 
London to Los Angeles in the longest 
single-engine jet flight ever made. The 
14-hour, 5-min trip was described as a 
“routine, long-range, cruise control 
flight.” 

e Trans-Canada Air Lines has ordered 
two additional Douglas DC-8 jet trans- 
ports, exercising its option to increase 
its original purchase of four long-range 
550-mph jetliners. Delivery of TCA’s 
jet fleet will begin in 1959, and service 
over trans-Atlantic and transcontinental 
routes will start in 1960. 

The DC-8’s for the Canadian airline 
will be powered by Rolls-Royce Conway 
turbojet engines of the by-pass type. 
They will carry 120 passengers from 
Montreal to London in 6 hours and 10 
min. 


e A plastic model of a new ‘aerial bob- 
sled” supersonic ejection seat (photo) is 
being tested in a Southern California 
cooperative wind tunnel. The model is 
projected by compressed air into the 
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tunnel windstream. The ‘‘A”’ seat is 
one of two basic approaches being tested 
and evaluated for “century series” pilot 
escape systems by the Industry Crew 
Escape Systems Committee, an indus- 
try-wide cooperative program to de- 
velop for the Air Force a standardized 
safe ejection system for jet aircraft. 

e Wind tunnel tests are nearly com- 
pleted and fabrication has started on the 
X-15 research airplane at North Ameri- 
can’s Los Angeles plant. Reaction 
Motors is making the liquid propellant 
rocket engine. 


e One of the world’s smallest helicop- 
ters, the Ultra-Light jet, has been in- 
troduced in the U. S. by Piasecki Air- 
craft Corp. representing the Fairey 
Aviation Co., Ltd., of England (photo). 
Built to the British Army’s front-line 
duty specifications, the two-seat, jet- 
powered, single-rotor helicopter is under 
evaluation by the U. 8. Defense De- 
partment. Piasecki has an option to 
manufacture the helicopter in the U.S. 
It will be known here as the company’s 
Model 72. 

e The Ryan X-13 Vertijet, the U. 8. 
Air Force’s jet-powered vertical take-off 
and landing research airplane, accom- 
plished its first complete operational 
flight sequences from vertical take-off, 
transition to horizontal flight and return 
to vertical landing. Two flights were 
made at Edwards AFB where the 
demonstrations culminated an 18-month 
flight test program. 

e First landing of a commercial jet air- 
liner at N. Y. International Airport was 
made by the French Caravelle after a 
flight from Europe by way of Africa and 
Brazil and then to Miami. The twin- 
jet airliner, designed and built by Sud 
Aviation, visited in N. Y., opening a 
demonstration tour of 16 cities of the 
U.S. and Canada. Production models 
will have 11,500-lb thrust Rolls-Royce 
R.A. 29 Avons, and will seat 64 first- 
class or 80 tourist-class passengers. 

e Upon his return from a sales tour of 
Western Europe, Wellwood E. Beall, 
Boeing senior vice-president, predicted 
European airlines may double the num- 
ber of jet transports they now have on 
order. European lines have contracted 
for 40 Boeing 707’s and 22 Douglas DC- 
8’s. Delieveries of 707’s will begin late 
in 1959. Boeing has ten additional 
overseas orders—three for India and 
seven for Australia. 


e TWA became America’s first com- 
mercial jet airplane operator when its 
jet and propeller powered Fairchild C-82 
was commissioned at Orly Field, Paris. 
The “flying maintenance base’’ C-82 
varries a 1000-lb-thrust Fairchild J-44 
turbojet engine installed on top of the 
fuselage for jet-assist take-off. The air- 
craft is used solely as an engine carrier 
and mobile base to aid in maintaining 
on-time schedules along its foreign 
routes. 

e Flight tests of a new ‘‘pure’’ inertial 
navigating system for automatic 
guidance of manned or unmanned air- 
craft were announced by Minneapolis- 
Honeywell Regulator Co. The system, 
designated ISIP (inertial system indi- 
cating position), does not depend on out- 
side sources such as human pilot, radar, 
star tracking or radio commands. Since 
it does not accept nor emit signals from 
outside sources, it cannot be detected by 
known devices, nor can it be jammed by 
an enemy. 


COMPANIES 


e Rocket engine production has started 
at the new $13.2-million Rocketdyne 
plant at Neosho, Mo., following the 
award of an Air Force contract for an 
undisclosed number of propulsion sys- 


tems for Thor IRBM. Built in support 
of the AF ballistic missile program, the 
Neosho plant, occupied last December, 
includes a 200-acre test firing complex 
(photo shows one of the test stands be- 
fore installation of steel superstructure) 
and 228,000 sq ft of manufacturing and 
office space. 

e A $4,595,600 contract was awarded to 
Pittsburgh-Des Moines Steel Co. by the 
USAF for construction of three re- 
movable wind tunnel test sections at 
Arnold Engineering Development Cen- 
ter, Tullahoma, Tenn. Each unit is 20 
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1. ATLAS 
2. NIKE 
3. LACROSSE 
4. HAWK 
5. THOR 
6. SPARROW 
7. TERRIER 
8. SNARK | 
9. TALOS 

10. TARTAR 

11. SIDEWINDER 

12. LITTLE JOHN 

13. TITAN 

14, REGULUS 

15. GOOSE 

16. FALCON 

17. NIKE B 

18. BOMARC 


Pick a program... you'll find 
has missile experience you can use 


In program after program, including each of those above, AMF has played or is 


playing an important role. A component supplier in some, a system developer in 
others, AMF knows the missile business first-hand. e AMF contributions to the 
nation’s missile programs include test and check-out systems, handling and launch- 


ing equipment, on-site missile storage facilities, accessory power supplies. ¢ See for 


. yourself why AMF’s widely diversified background plus its up-to-the-minute missile 


activities add up to “experience you can use”. | 
Production in these fields: >> 
@ Ballistics > 4 
@ Radar Anter Another Product - 
@ Guided Mi Defense Products Group : 
Support Equipr 
AMERICAN MACHINE & FOUNDRY COMPANY 


@ Auxiliary Power Supt 
@ Control Sys 


PRODUCTS 
1101 North Royal Street, Alexandria, Va. 
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ENGINEERS 


Cycle 
Thermodynamics 
Performance Analysis 


Contribute to 

New Applications of 
ONE OF THE MOST 
ADVANCED and 
VERSATILE JET ENGINES 
EVER CREATED 


. . - General Electric’s J-79 


The J-79 delivers more thrust 
per pound than any U. S. tur- 
bojet of comparable size. It’s 
rated above 12,000 lb. thrust at 
sea level, without the after- 
burner. And its military and 
commercial applications are 
representative of the success of 
new concepts in engine design 
being worked out for the J-79 
and other advanced engines at 
G.E.’s Jet Engine Department. 


Right now, there are several 
openings in the specialized 
area of Cycle Analysis and De- 
sign Performance Analysis at 
JED. These are desirable po- 
sitions, requiring from 1 to 7 
years’ experience, for men well- 


versed in over-all engine per- 
formance, thermodynamics 
and in operating characteristics 
of all engine components and 
their interrelations. 


In general, the assignments in- 
clude: initiating and conduct- 
ing programs to provide ad- 
vanced engine cycle design, 
engine component  require- 
ments, and preliminary per- 
formance analysis. The pro- 
grams will include develop- 
ment of new or improved meth- 
ods of analyzing engine per- 
formance . . . and offer a ca- 
pable man unusual opportu- 
nities to help advance the state 
of the art. 


For further information call 
collect: 


POplar 1-1100 


Or, write in complete confidence 
to: 


Mr. J. A. McGovern, 
Professional Placement 


JET ENGINE DEPARTMENT 
Bldg. 500, Room 165 


GENERAL @ ELECTRIC 


| 


Gineinnati 15, Ohio 


ft long and self-propelled over a rail- 
way. 

e In keeping with the industry’s recog- 
nition of the impact of foreshortening 
company names, The Glenn L. Martin 
Co. has changed its name to The Martin 
Co. 

e Around - the - clock production of 
guided missile and jet hardware began 
at the new Franklin Park, Ill., plant of 
Diversey Engineering Co. 

e California operations of the Aero Hy- 
draulics Div., Vickers, Inc., have moved 
from El Segundo to a new plant at Tor- 
rance to accommodate engineering, sales 
service and production of aircraft, mis- 
sile and engine hydraulics systems and 
components. Administrative head- 
quarters for the division continue in De- 
troit. 

e The cornerstone was laid for a mil- 
lion-dollar plant for Servomechanisms, 
Inc., in Westbury, L. I. The company 
operates another plant in Westbury, 
and also one in Hawthorne, Calif. A 
wholly-owned subsidiary, Servomech- 
anisms (Canada) maintains facilities in 
Toronto. 

e Era Engineering, Inc., Santa Monica, 
Calif., has been formed by a group of 
scientists and engineers to develop new 
systems and devices in electronics, radi- 
ation and rocketry. Systems now avail- 
able include a radioactive technique to 
mark and insure recovery of missiles 
after experimental flight tests. 

e Task Corp., Anaheim, Calif., has an 
Air Force contract for a positive dis- 
placement pump to provide oxygen to 
pilots of supersonic aircraft. 

e Burroughs Corp. plant in Detroit has 
been doubled in size by construction of 
a second manufacturing building. The 
company produces electronic data proc- 
essing and transmitting equipment, and 
is a prime contractor in the USAF ballis- 
tic missile program, with contracts for 
processing equipment used in ground 
control guidance systems. 

e Air Materiel Command awarded 
Kollsman Instrument Corp. a contract 
in excess of one million dollars for pilot 
production of the AN-AVN-1 Astro 
Navigational Set known as the As- 
tro Tracker. 

e U.S. Industries, Inc., New York, has 
acquired the outstanding stock of Kett 
Corp. of Cincinnati, a research and de- 
velopment firm in the aircraft and mis- 
siles field. The company will spend $6 
million this year to complete its capital 
expansion and improvement program. 
e An order has been placed with South- 
western Industries, Inc., Los Angeles, for 
the design and manufacture of pressure 
switches for missile applications, by 
Convair-Astronautics in San Diego. 

e Trans Continental Industries, Inc., 
Detroit, has established a division 
to make hardware for guided missiles. 


e U. S. Flare Corp. and Associates, 
Pacoima, Calif., producer of rocket ig- 
nition systems and missile tracking sys- 
tems, has been acquired by Atlantic 
Research Corp., and will operate under 
its own name as an Atlantic affiliate. 

e A 22-million-volt Allis-Chalmer Beta- 
tron will be installed in Electric Steel 
Foundry Company’s Portland plant, 
complementing the present 220,000-volt 
x-ray and Cobalt 60 radiographic facili- 
ties now in use. 

e Universal Atomics Corp. has become 
Universal Transistor Products -Corp., 
with plant and executive offices at 50 
Bond St., Westbury, L. I., N. Y. 

e American Electronics, Inc., has es- 
lished a division called American Lab- 
oratories to produce facilities for testing 
electrical, electro-mechanical and elec- 
tronic packages up to 10 cu ft, at Fuller- 
ton, Calif. Test areas will be air con- 
ditioned, humidity controlled and pres- 
surized, and will have a 4-ton liquid CO, 
distribution system. 

e Minneapolis-Honeywell acquired Ru- 
bicon Co., Philadelphia, makers of pre- 
cision potentiometers, bridges and other 
devices for missile instrumentation. 
e Farnsworth Electronics Co., Fort 
Wayne, Ind., a division of I. T. & T. 
Corp., has received from Boeing Air- 
plane Co. additional orders amounting 
to more than $12 million. 

e Missile-Air, manufacturer of flush 
latches and precision aircraft and missile 
components, has moved its engineering 
and production facilities to new quarters 
at Gardena, Calif. 

e The Rheem Aircraft Div. has been 
formed within the Rheem Mfg. Co. to 
handle diversified programs in the air- 
craft, jet engine and ordnance fields. 
The division replaces the former Gov- 
ernment Products Div., maintaining 
headquarters in Downey, Calif. 

e Union Carbide and Carbon Corp. has 
changed its name to Union Carbide 
Corp. Divisional name changes include 
Carbide and Carbon Chemicals Co. to 
Union Carbide Chemicals Co., and 
Linde Air Products Co. to Linde Co. 

e A 30-year-old name receded into the 
background when Air Associates, Inc., 
officially became Electronic Communi- 
cations, Inc. The company is under- 
going gradual relocation which will place 
all manufacturing and engineering oper- 
ations in St. Petersburg, Fla., by fall. 

e BuOrd awarded a $3.5-million con- 
tract to Aerojet-General for perchlorate 
oxidizer JATO units and spare igniters. 
e Guided missile production facilities 
have been added to the Missile and 
Ordnance Systems Dept. of General 
Electric, supplementing its research and 
development capabilities. The depart- 
ment now occupies three major loca- 
tions: Research and development in 
Philadelphia, ordnance in Pittsfield, 
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Solar Advanced Technology —— 


| 
Taming hard -to-work titanium 


Wwith “purge chamber” welding 


AIRCRAFT AND MISSILE DESIGNERS call for 
more and more titanium. The superior 
strength-to-weight ratio of this new 
metal saves vital pounds in airframe, 
engine and missile components. Solar is 
leading the way in taming this hard-to- 
work metal. 

The plastic purge chamber, shown 
above, is a Solar development to 
facilitate welding of titanium in an 
atmosphere which protects the weld 
from elements in the air. It is one of 
many advanced fabricating techniques 
perfected in Solar laboratories to help 


New “Solar Advanced Technology” facilities brochure is of value to you... 


realize titanium’s promise. As a result, 
Solar today is among the largest users 
of titanium for aviation purposes, and is 
constantly testing and working with 
new materials requiring experience and 
expert ability. 

This is one example of Solar 
advanced technology—a combination 
of skills, facilities and forward-looking 
pioneering. Perhaps Solar can bring a 
fresh viewpoint to your difficult metal- 
working problems. Write to Depart- 
ment D-34, Solar Aircraft Company, 
San Diego 12, California. 


SOLAR 


AIRCRAFT COMPANY 


DES MOINES 


ENGINEERS WANTED Unlimited oppor- 
tunities, challenging projects, good living 
with Solar! Write for new brochure. 


Write for it. 


DESIGNERS, DEVELOPERS AND MANUFACTURERS ¢ GAS TURBINES * AIRCRAFT AND MISSILE COMPONENTS ¢ BELLOWS + CONTROLS « COATINGS * METAL ALLOY PRODUCTS 
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This giant missile “toaster,” consisting 
of more than 1000 quartz infrared 
lamps arranged in closed banks to form 
a cone shape, has been designed by 
Chrysler for simulating re-entry tem- 
peratures encountered by the Army’s 


... And Up Pops Redstone 


Redstone surface-to-surface missile. 

Thousands of degrees F with almost 
no warm-up period are claimed for the 
unit. One test consumes 3,600,000 
watts (enough to toast 7000 slices of 
bread, the company figures). 


and missile production in Burlington, 
Vt. 

e Friez Instrument Div. of Bendix 
Aviation Corp. is expanding its facility 
in a million dollar program at Baltimore, 
Md. Among products to be made are 
electromechanical missile components. 
e Newly formed Physical Measure- 
ments Corp., Santa Monica, Calif., 
will produce accelerometers, switches 
and transducers. 


INSTITUTIONS 

e Second in a series of bi-annual sym- 
posia in gas dynamics is scheduled for 
Aug. 26-28 at The Technological Insti- 
tute of Northwestern Univ. Its theme 
will be “Transport Properties in Gases 
at High Temperatures and Pressures.” 
Address inquiries to Dr. Ali Bulent Cam- 
bel, Gas Dynamics Lab., Northwestern 
Univ., Evanston, Ill. 

e The National Science Foundation has 
announced 235 grants totaling $4,316,- 
352 awarded during the first quarter of 
1957. Grants are for the support of 
basic research in science, exchange of 
scientific information and training ¢ 
science teachers. 

e The 14th annual display of aviation 
electrical equipment conducted by the 
Aircraft Electrical Society will be held 
Oct. 24-25 in Pan Pacific Auditorium, 
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Los Angeles. It is estimated that 200 
equipment manufacturers will partici- 
pate. 

e T. Paul Torda of Polytechnic Insti- 
tute of Brooklyn is working on a project 
for investigating combustion instability 
and “scaling-up” of rocket motors, 
under contract with the Air Force Office 
of Scientific Research. 

e More than 2000 members and their 
families are expected for the 65th annual 
meeting of the American Society for En- 
gineering Education, June 17-21, Cor- 
nell University. Following the meeting, 
the university will be host to a ten-day 
workshop for staff members of the tech- 
nical institutes and community col- 
leges. 

e A new group to deal with the in- 
creasingly complex engineering prob- 
lems encountered in keeping industrial 
equipment in operating condition has 
been formed by the ASME. The unit 
will cover such topics as modification of 
equipment to reduce maintenance, and 
managerial activities. 

e The El Paso Herald-Post and EF] Paso 
Times will publish special feature edi- 
tions on Saturday, Aug. 31, and Sunday, 
Sept. 1, on the role of the Southwest as a 
research and development center of the 
astronautical, as well as atomic and nu- 
clear, sciences. The editions will detail 
the roles of White Sands Proving 


Ground, Holloman Air Development 
Center and Fort Bliss in the over-all 
rocket and guided missile picture. 


FOREIGN 

Australia: Defense Minister Sir 
Phillip McBride said Australian pol- 
icy is based on the integration of land 
and sea weapons with those of 
America. In this connection, his 
government has decided to buy 30 
Lockheed F 104 Starfighters and 12 
Lockheed C-130A Hercules transports. 

Canada: Canadair Ltd., Montreal 
subsidiary of General Dynamics Corp., 
announces that a new version of the 
Britannia will soon be available. Re- 
entering the commercial aviation field 
after an absence of seven years, 
Canadair offers its own version of the 
Britannia under an agreement with 
Bristol Aeroplane Co. of England. 

Known as the CL-44, the plane will 
be powered by four Bristol Orion 
turbo-prop engines, and will have 
airliner, freighter and military trans- 
port configurations. 

England: The Engineer Research 
and Development Lab. of the U. 8. 
Army placed a contract with D. 
Napier and Son Ltd. for a diesel en- 
gine compressor set for use with a 
mobile liquid oxygen plant. It will 
supply up to 30,000 lb of dry air per 
hour at 100 psi. 

e Brief data have been released on the 
Bristol Bobbin missile. This vehicle 
has been used for the development of 
the Thor ramjet engine, designed as a 
powerplant for the Bloodhound mis- 
sile. Twin 16-in. Thor units are 
mounted on each side of the missile, 
which uses four booster rockets. 
Thrust of the Thor is said to be 15,000 
lb at Mach 3 at sea level. The Bobbin 
is probably the first British-designed 
recoverable test vehicle. 

e The Minister of Supply recently 
announced that production orders 
had been placed for four guided wea- 
pons. Until now, the only production 
order announced had been for the 
Fairey Fireflash air-to-air rocket, an 
RAF training weapon. 

The three new weapons are the Bris- 
tol Bloodhound, a ground-to-air 
rocket-boosted ramjet; the de Havil- 
land air-to-air rocket Firestreak; and 
the as yet unnamed English Electric 
ground-to-air rocket (photo). All 
that is known of Firestreak is that it 
has an infrared homing device capable 
of homing on targets up to eight miles 
or more away. No performance de- 
tails were given of the Bloodhound 
except that its rocket boosts it to 
1000 mph. More than 200 of the ve- 
hicles have been fired at Averporth, 
on the Welsh coast, and on the Woo- 
mera Range in Central Australia. 
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Combustion chamber 
and liners 


Typical ram jet components. produced 
by Finn Aeronautical Division. 


e The Sea Slug missile developed for 
the Navy by Armstrong Whitworth 
was not mentioned by the Minister 
of Supply, probably because this 
weapon requires a fully stabilized W, 
platform and control. Fur- specia ize in 
ther trials are likely first, both at see 


and on the land-locked Clausen Roll- ee6 ; 
ng Platform precision welded sheet metal components 


e Another missile mentioned was the 


“stand-off” powered bomb that Avro 
is developing for use with the V-class & for missiles jets and ram jets 
heavy jet bombers Vulcan and Victor. f 

It was said to be about the size of a 

small fighter. 


France: More than 30 flights have : A 
We have the experience, the equipment, the men and the 
its Atar turbojet engine only. The approvals to carry out your most complex experimental 
WIR be oper- welding and fabrication of jet, ram jet and missile engine 


ation during the next test phase. 
e A Sud-Aviation Djinn helicopter, 
powered by a Turbomeca Palouste 
turbine and flown by Jean Dabos, Some of the superalloys we've worked and welded in- 
— conel-W...Hastelloy... Timken... and stainless steel. Our 
ceived initial deliveries of 125 Das- | welding department includes certified Sciaky spot weld- 
sault Mystere IVA jet fighters. The 
_ ers, USAF certified heliarc welders and complete, USAF- 
approved X-ray facilities. 


components. 


French aircraft were purchased des- 
pite the fact that the Russians offered 
MiG-17’s at a most attractive price. 

Israel: It is reported that the 
French guided missile S-S 10 was 
tested in battle by the Israel! Army 
against soviet-built tanks last fall in 
the Sinai Desert campaign. French 


Air Force Gen. Daun said that the Fi NN 

12-lb charge in the missile can de- 3 

stroy any tank, and has a record of 90 AERONAUTICAL DIVISION 
per cent hits. 


ailed information, write, wire or ‘phone us. 


Formore det 


T. R. FINN & COMPANY, INC, 


Japan: Three solid propellant mis- ; 7 
siles are being tested at the Soma- 
garah range, Central Japan. They are 275 Goffle Road, Hawthorne, N. J. 


about 6 ft long and have swept-back 
wings. The first firing was unsuc- 
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Ford Instrument Company’s new Missile Development 


as the Redstone and Jupiter. 
Are you interested in the opportunities this could bring 
you — and the increased responsibilities? To those engi- 
neers who feel they can measure up to the high standards — 
of our engineering staff and who wish to do omen 
development and design work in the expanding new field 
of missile engineering, write or phone Allen Schw ab for 
an appointment or further information. il 


Division is expanding because of increased activity on 
guidance and control work for major ballistic missiles such 


FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION 
30-10 - 41st Avenue ° Long Island City 1, New York 


cessful and the missile crashed after 
ascending to 150 ft. 


RESEARCH & DEVELOPMENT 


e Crucible Steel Co. of America re- 
newed its contract with the USAF Ma- 
terials Lab., Wright Air Development 
Center, for development of new high- 
temperature steels for jet aircraft. 

e Ground was broken by Sylvania Elec- 
tric Products, Inc., for a multimillion- 
dollar research and development center 
at Amherst, N. Y., for the company’s 
Electronic Systems Div. Construction 
was also started on a plant for Waltham 
Laboratories, part of the Electronic Sys- 
tems Div., at Waltham, Mass. The 
plant will house the Missile Systems 
Lab., now occupying part of a building 
completed two years ago. 

e A new temperature-altitude-humidity 
walk-in test chamber has been com- 
pleted by American Research Corp., 
Farmingham, Conn., for simulated 
flight testing of electronics components. 
Temperature range is —100 to 300 F; 
relative humidity, 20 to 100 per cent 
over a dry bulb range of 35 to 185 F; 
altitude, up to 100,000 ft. 


Space Medicine 
Problems Spotlighted 


A session on space medicine and a 
space travel symposium bringing to- 
gether some of the nation’s leading 
figures in the field of astronautics high- 
lighted the 28th annual meeting of the 
Aero Medical Assn. at Denver, Col.. 
last month. 

Participants in the space travel 
symposium, under the chairmanship 
of Col. Paul A. Campbell, USAF (MC), 
examined almost every aspect of ex- 
tra-terrestrial flight. 

Wernher von Braun, ABMA, Hunts- 
ville, Ala., addressed the group on the 
propulsion engineer’s view of manned 
extra-atmospheric flight, while Walter 
O. Roberts, High Altitude Observatory. 
University of Colorado, Denver. pre- 
sented the astronomer’s views. The 
astrophysicist’s and test pilot’s views 
were presented, respectively, by Heinz 
Haber, University of California at 
Los Angeles, and Scott Crossfield, 
North American Aviation, Los Angeles. 

Comdr. George W. Hoover, Office of 
Naval Research, Washington, D. C., 
discussed the problems involved in 
instrumenting space vehicles, while 
John P. Hagen, NRL, talked on the 
space travel implications of the Van- 
guard project. The survival aspects 
were discussed by Alfred M. Mayo, 
Douglas Aircraft Co., El Segundo, 
Calif., and Dr. Hubertus Strughold, 
School of Aviation Medicine, Randolph 
AFB, Tex., chose as his topic the pos- 
sibilities of reaching an inhabitable 
extra-terrestrial environment from earth. 
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WE TACKLED our first aircraft 
fluid-handling problem thirty years ago 


in the air ever since. From the universally 
~ accepted Romec fuel pump of the 1930’s to 
classified installations on ICBM missiles. 

- Got a fluid-handling problem of your own? 
LEar-RomEc is well qualified 
to develop a practical solution. 


LEAR-ROMEC ELYRIA, OHIO RO-24 


Chemical Men Probe Missile isiness 


AST month, the Commerical 

Chemical Development Assn. 
held its Spring meeting in French 
Lick, Ind. Purpose of the sym- 
posium, as stated in its topic, was to 
find out ‘What the Rocket and 
Missile Program Means to the Chemi- 
cal Industry.” 

For those chemical men who had 
little idea what missiles were, the 
Indiana meeting provided a big, boom- 
ing answer: A $2-billion-a-year busi- 
ness that is going to get even bigger. 
For the missile industry, the meeting 
had a different significance. 

Still Waiting: In essence, this was 
a meeting of the chemical industry’s 
top dollars-and-cents men devoted 
solely to exploring the market poten- 
tial of the missile field. In effect, it 
could mean that the chemical industry 
is collectively taking a more active 
interest in the missile field and, 
perhaps, will initiate, speed up or 
expand its long-awaited technical 
collaboration with the missile in- 
dustry. Heretofore, the chemical in- 
dustry’s effort in behalf of the missile 
program has been at best a spotty one, 
with comparatively few companies 
actively seeking an important role 
in the field. 

Everyone agreed that in the light of 
the chemical industry’s position as a 
material processor, supplier and user, 
and as a high temperature process 
operator, it can contribute a great deal 
to the missile program. But for the 
market men at French Lick the big 
question was: Is it worth it? 

Market Trajectory: Any new 
chemical venture, of course, requires 
a sizable investment of time and 
money. And, before making any 
committment, a company generally 
tries to insure a pay-off. This is 
the job of the market men. 

From facts, figures and informed 
speculation, they try to develop a 
picture of the potential market. 
In rough focus, the picture for a 
“worthwhile” venture should show a 
yearly demand of at least 10 million 
lb (a lower figure is acceptable if a 
large enough potential is evident) 
and a life span long enough to return 
the initial investment, operating ex- 
penses and a fair profit. 

At the CCDA meeting, market men 
were told that the facts and figures 
were available, provided they were 
willing to go to the trouble of getting 
them. Obtaining security clearance 
was recommended as the first step. 
At the meeting itself, they learned 
and often were confused by the extent 
of the informed speculation present in 
thisarea. And potential market dura- 


704 


tion, they were told, would prove 
almost impossible to estimate because 
no one, even in the missile business, 
had any definite ideas as to what 
could be expected. 

In dollars, market estimates were 
pegged as high as one-third of the 
over-all missile budget, or approxi- 
mately $65 million/year. These 
covered all possible missile expendi- 
tures falling within the purview of 
the chemical process industries; e.g., 
research, development, nonferrous 
metals, plastics, ceramics, propellants, 
hydraulic fluids, lubricants, pres- 
surants and control elements such as 
germanium. 

In a more conservative vein, 
Thiokol’s H. W. Ritchey estimated 
that the propellant share of the total 
missile budge ran from } to 5 per 
cent. 

Pennsalt’s John Gall figured that 
peak peacetime demand for a_pro- 
pellant ‘may soar to hundreds of 
tons per month,” but called it an 
awkward market. Gall likened the 
demand curve for missile chemicals to 
the trajectory of a missile itself. It 
starts with a few pounds in the pre- 
liminary phase, moves to a_ few 
dozen pounds in the large laboratory 
phase or, if not too expensive, to a 
few hundred pounds; hits a peak in 
the hundreds of tons per month 
during the testing program; and 
then drops off to a small amount for 
replacement, training and minor de- 
velopment programs. 

A Starting Point: As unattractive 
as this demand trajectory first ap- 
peared, some market men soon became 
convinced that it merited further 
study. They reasoned that, if a 
firm had any desire to get into a new 
chemical field, the chemical’s missile 
market would probably defray a 
sizable portion of the large initial 
investment required for starting any 
new venture. 

Another possibility, as pointed out 
by Dr. Gall and other speakers, is for 
a company to enter a new chemical 
venture solely on the strength of the 
missile market, and then try to develop 
commercial outlets during the years of 
the missile market. Admittedly a risky 
course, some seemed to believe it would 
be worth the gamble more often than 
not. 

At this point, no one was willing to 
guess just how many additional 
chemical companies would be at- 
tracted to the missile field by these 
market possibilities. The general 
feeling, however, was that the meet- 
ing had been successful in giving most 
of the 200 conferees a clearer picture 


of the missile program and their 
relationships to it. 

Interesting Reflections: Designed 
primarily as an unclassified introduc- 
tion to the market potential for 
chemical propellants in the missile 
program, the meeting had little new 
information to offer the enlightened. 
Most missile men were there to teach, 
not to learn. But since the teachers 
came from some of the leading missile 
firms and the more missile-minded 
chemical companies, the meeting— 
particularly in the follow-up discus- 
sion periods—offered a good reflection 
of top-level thinking now current in 
the field. 

On the use of a liquid fluorine in 
rocket propellants, for example, John 
Tormey of Rocketdyne calculated 
that a combination of fluorine and 
oxygen can provide a 50 per cent 
increase in specific impulse over 
present propellant combinations. Dr. 
Gall declared that fluorine is now 
ready for use in the rocket field, 
further asserted that its use in rockets 
is inevitable. (For more on fluorine, 
see p. 678). 

Olin Mathieson’s Earl Weilmuen- 
ster disclosed that, of all the boron- 
based high energy fuels, his company 
is most interested in pentaborane and 
decaborane from the standpoint of 
use in liquid propellants. He also 
revealed that along with the boron 
fuels, other new Olin Mathieson 
propellants are being evaluated for 
use in various new missile and aircraft 
systems. While Weilmuenster in- 
dicated that O-M wasn’t interested in 
beryllium because of toxicity and 
supply problems, it was pointed out 
that ‘‘what has been done with boron 
can be done with beryllium” as far as 
processing goes. 

To a question on materials, Tormey 
replied that the use of new propellants 
isn’t being held back by any lack 
of adequate structural materials. 
Rather, he said, it is the mechanical 
engineer that is being delayed in the 
development of lighter weight engine 


components. 
Vis-A-Vis: One of the most inter- 
esting discussions took place just 


before the close of the meeting when 
moderator Arthur Stosick of Union 
Carbide asked the speakers if they 
would care to comment on the merits 
of solid vs. liquid propellants. Here, 
briefly excerpted, is what followed: 

TorRMEY was willing to concede 
that solid propellants were preferable 
for small missiles but maintained 
liquid propellants were ,better for the 
very large vehicles. In between, he 
declared, is where the argument takes 
place. 

RircHey disagreed, seeing no 
size limit for solid propellant rockets 
in military applications. True, he 
Jet PROPULSION 
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said, if the rocket is to be recovered, 
then liquids would be better as a 
matter of cost. Buta solid rocket can 
be made 20 times bigger than a liquid 
rocket, according to Ritchey, and still 
get off the ground without running into 
the problem of trying to pump a 
tremendous volume of _ liquid. 
(Earlier, Ritchey had said that with a 
fourth stage, Lockheed’s solid pro- 
pellant X-17 could serve as a satellite 
launching vehicle; and with a fifth 
stage, it could carry a small 2-4 lb 
device to the moon.) 

RicHarp CanricHt of Douglas 
Aircraft contended that pumping 
would be no problem in a large liquid 
rocket, that an engineer simply could 
use additional pumps. In his estima- 
tion, solids were more reliable but less 
safe (in terms of personal danger) 
than liquids. 

STEWART JOHNSTON, consultant 
to Ramo-Wooldridge, pointed out 
that solids presented more of a problem 
in thrust termination. 

Rosertson Younequist from 
RMI added that liquid rockets offer 
greater flexibility in controlling vector 
direction and thrust. And, he said, 
liquids have a greater inherent specific 
impulse potential. 

ALLEN DescHeRE of Rohm & 
Haas conceded that what Johnston 
and Youngquist said was true now. 
But, he went on, solids are compara- 
tively inexperienced in this area. 
In the long run, he was confidant, 
solids would compete with liquids in 
controllability. 

Davin AttrmMaNn,  Aeronutronic 
Systems moderator of the first session 
and a ‘neutral,’ pointed out that 
solid rockets were 20 to 50 per cent 
more compact than liquid rockets and 
therefore more rugged; that develop- 
ment costs of solids are greater but 
this is offset by lower operational 
costs; that for longer ranges and 
missions, liquids are more desirable 
because the liquid rocket can be 
better staged to get greater specific 
impulses. 

In a final aside, Canright recalled a 
recent bull-session at Douglas in 
which missile engineers noted that 
both liquid and solid rockets have 
rather complex hydraulic and guid- 
ance systems which military per- 
sonnel have to be trained to handle. 
Therefore, they felt the government 
could save money by employing a 
roving band of civilian technicians 
who would travel from one installa- 
tion to another making sure the 
missiles were always in good condi- 
tion. 

The meeting ended on this note, 
with neither side convinced that the 
other had produced strong arguments 
but both definitely agreed that 
missiles are here to stay. 


New Sperry Radar Piped Aboard 


A new class of high performance radar 
already in use aboard missile ships to 
guide Terrier missiles was revealed last 
month. Developed by Sperry Gyro- 
scope and designated AN/SPQ-5, the 
radar is reported by the Navy to give 
“exceptionally high performance for 
tenacious, stable guidance of supersonic 
missiles, whether fired singly or in 
salvoes ...” 

The long-range, high altitude missile 
guidance radar systems are a product of 
a Navy fleet defense program directed 
against supersonic jet aircraft, accord- 
ing to Rear Adm. F. S. Withington, 
chief of the Bureau of Ordnance. 
Years of successful testing preceded 
ship installation. 

Two such radars are aboard the 
USS Canberra. Their antennas re- 
semble giant searchlights. Additional 
features cited for the new system were 


flexible modes of scanning the air space 
beyond the horizon, and the property of 
selecting and tracking individual targets 
in a close-flying group of supersonic at- 
tackers at great distances, while the 
missiles are launched and guided with 
“extreme accuracy.” 

At the same time, Sperry announced 
that a new manufacturing facility at 
Charlottesville, Va., the Sperry Pied- 
mont Co., is producing the super radars 
for the Navy. Completed in October, 
the new $2-million plant includes special 
facilities to accommodate the massive 
radar antenna ‘“‘barbettes” used aboard 
ship. 

The USS Boston, in addition to the 
Canberra, is equipped with Terriers and, 
presumably, the new radar systems. 
Three other cruisers are currently being 
converted, and eight frigates are being 
built to take Terrier launchers. 


Giant searchlight-like antennas shown on the Terrier-equipped Canberra signal the use 
of a new Sperry radar system by Navy missile ships. 
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Space Flight Notes 


The Red Planet 


VER since the days of Jules Verne, 

discussions of the possibility of 
interplanetary flight have centered on 
two close neighbors of earth—Mars and 
Venus. Of the two, Mars has un- 
doubtedly received the most attention 
from scientists as well as science-fiction 
writers, possibly because of its unusual 
color, which makes it clearly distinguish- 
able from other celestial bodies. 

With space flight no longer in the 
distant future and Mars a likely destina- 
tion for the first attempts at inter- 
planetary travel, some consideration of 
the physical characteristics of the ““Red 
Planet”’ may help give an idea as to the 
type of world which will greet the first 
space travelers. 


1Ley, Willy, and von Braun, Wernher, 
“The Exploration of Mars,” The Viking 
Press, New York, 1956, p. 27. 


JOHN GUSTAVSON, Convair-Astronautics, Contributor 


Astronomical Facts 


As Table 1 shows,! Mars is approxi- 
mately one and one-half times farther 
from the the sun than the earth. The 
apparent effect of this greater distance 
is a comparatively lower temperature on 
Mars. The solar constant at Mars’ 
distance is approximately 40 per cent 
that of theearth. The high eccentricity 
of the orbit creates more pronounced 
seasonal conditions. The northern 
hemisphere experiences long summers 
and short winters; the southern under- 
goes correspondingly short summers and 
long winters. Consequently, the south- 
ern hemisphere shows a larger polar cap. 
The longer year also contributes to the 
exaggerated seasons. 

It was hoped that the latest opposition, 
Sept. 8, 1956, could yield sufficient 
information to solve many surface 
feature problems. Unfortunately, op- 
positions are always at perihelion, i.e., 
when Mars is closest to the sun. It is 
at that particular time of the Martian 


Perihelion opposition 

Aphelion opposition 

Aphelion conjunction 
Orbital velocity 

Mean 

At aphelion 

At perihelion 
Escape velocity 
Circular velocity at surface 
Equatorial diameter 
Length of day 


Sidereal 

Solar 
Length of year 

Mars days 

Earth days 


Eccentricity of orbit 


Inclination of orbit to ecliptic 


Inclination of Martian equator to its orbit 


Heliocentric longitude of node (1956) 


Heliocentric longitude of perihelion (1956) 


| Mass (Earth = 1) 
Volume (Earth = 1) 
Density (Earth = 1) 
Density (Absolute) 
Surface area (Earth = 1) 

| Gravity at surface (Earth = 1) 


Table 1 Physical data of Mars 

Distance from sun rr 

Mean 141.5 X 10'miles 
Aphelion a0 154.1 X 10° miles 
Perihelion 128.0 X 10° miles 
Distance from earth 


Mean sidereal motionin24hr j 


X 10 miles 
61.5 X 108 miles 
340.0 X 106 miles 


14.98 miles/sec 

13.64 miles/sec 

16.45 miles/sec 
3.13 miles/sec 
2.21 miles/sec = 
4220 miles 


24> 37™ 22°.668 
24> 39™ 35.247 


668 . 599 
686.979 
0.09336 


49° 13'05.5" 

335° 14’ 56.6" phe 
0.108 
0.151 
0.7100 
2010: 
0.278 
0.38 


year that dust storms are churned up by 
the intense heat, and thus surface de- 
tails at the last opposition were mostly 
obscured. However, other pertinent 
information was gained. The crux of 
this material, in the light of earlier 
observations, will be presented here. 


The Atmosphere 


The composition of the Martian 
atmosphere has not been accurately 
determined. The dynamical theory of 
gases can exclude some components such 
as hydrogen and helium. These light 
gases disappeared long ago from the at- 
mosphere as a result of the high mean 
molecular velocity and low escape 
velocity of the planet. Very reactive 
gases, such as ozone and chlorine, are 
excluded, as they will combine readily 
with surface minerals. The Martian 
atmosphere is at present believed to 
consist of 98 per cent nitrogen and some 
2 per cent carbon dioxide, with some 
traces of oxygen and water vapor. 

Pressure at the surface is comparable 
to the pressure at 11 miles altitude on 
earth, or more specifically 2.6 in. of 
mercury. The pressure gradient of the 
Martian atmosphere is much less than 
that of our atmosphere due to the lower 
gravity. Therefore, the Martian atmos- 
phere must extend to greater altitudes. 
In light of this, the entry problem of a 
descending vehicle would be quite 
different from the re-entry problems 
already known to exist for the earth. 
A much smoother deceleration curve, 
with correspondingly less severe heating 
problems, can be expected. Moreover, 
the Martian atmosphere will prove less 
corrosive to structual materials. 

When Mars is photographed through 
colored filters, several types of clouds 
show up. A blue or violet filter makes 
visible the general outline of the atmos- 
phere. The reason for this is that the 
constituents render the atmosphere 
partly opaque in the violet spectrum, 
and thus the light is reflected, causing 
the plane to appear as having a larger 
diameter. The difference in diameter 
between unfiltered and filtered photo- 
graphs is then equal to twice the depth of 
the atmosphere. On a “violet” photo- 
graph, the planetary disk appears to be 
spotted with clouds. These are pres- 
ently thought to be density irregulari- 
ties, altering the reflectivity, rather than 
actual cloud formations. They are often 
seen at an altitude of about 10 to 15 
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miles and are referred to as “violet 
clouds.” 

The ‘“‘yellow” clouds—or those clouds 
visible on yellow filtered photographs— 
are seen at an altitude of about two or 
three miles. These are believed to be 
dust clouds, consisting of fine particles 
swirling up from the deserts. The 
dynamics of these particles is not known. 


Drawing of Mars, based on visual ob- 
servations from earth. 


The existence of actual clouds of ice 
crystals or water droplets has not yet 
been proved, although a haze over the 
polar regions, visible only in the planet’s 
autumn, may be found to be similar to 
our cirrus clouds. 


aA 
The Polar Caps 


Two of the most striking features of 
the Red Planet are noted immediately 
by the observer. These are the brilliant 
white polar caps. The southern cap 
may extend as far as 4,000,000 sq miles 
at its maximum spread during the 
winter. 

Temperatures below —100 C have 
been measured for the south pole of Mars. 
The polar caps melt quickly in the 
summertime, a climatic condition which 
indicates the layers must be relatively 
thin, perhaps of the order of 3 in. The 
maximum temperature measured for 
Mars during the summertime at the 
equator was approximately 20C. Tem- 
peratures as high as 30 C have been 
detected for dark, heat-absorbing areas. 
The mean temperature of Mars is —40 
C against 15 C for the earth. 

Atmospheric pressure on Mars is 
sufficient for the subsistence of free 
water at 40 C, whereas the limited 
amount prohibits actual flow. Water 
propagation is believed to take place in 
the vapor phase. The rapid disappear- 
ance of the ice caps reveals highly 
irregular boundary lines, indicating sur- 
face temperature differences may be 
caused by slopes in the landscape. In 
1956, the southern cap was observed to 
have melted completely. 
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During the fall, a haze forms over 
the polar region, obscuring vision until 
mid-winter, when the gleaming ice cap 


again becomes visible. 
The Dark Areas 


Early observers designated the dark 
regions of Mars as “‘seas,”’ an ascription 
influenced, no doubt, by the same con- 
siderations which gave rise to the ‘‘seas”’ 
of the moon. It is unlikely that large 
areas of free water exist on Mars. This 
is a generality based upon knowledge 
that water content of the atmosphere is 
extremely low. Also, if there were such 
a body of water, the sun would be re- 
flected by it as a shiny image. So far 
no such image has been observed. 

Another theory about the dark areas 
was presented in 1878 by a French 
astronomer.? Pointing out the seasonal 
change in color from bluish green to 
brown, and even yellow, he concluded 
that green plants similar to those com- 
mon to the earth were present on Mars. 
Unhappily for this theory, the color 
changes do not follow the seasons as on 
earth. The greens of winter and spring 
turn blue in early summer and “wilt’’ 
as early as mid-summer, displaying 


brown, carmine, and maroon colors at 


the time of the Martian year when the 
temperature is at its peak. 

Others* propose that Martian vegeta- 
tion may be extremely resinous, since 
it is believed that this would allow the 
survival of growth under low pressure 
and temperature extremes. The resin 
would absorb the infrared light, utilizing 
it for heating purposes, leaving the re- 
flected sunlight poor in this part of the 
spectrum. 

The nonvegetation theories center on 
two concepts. The first was propounded 
by Arrhenius, who attributed the color 
changes to a hygroscopic mineral. Many 


’ 


2 Lias, E., et al., ‘‘Memoire de Mars.’ 

3 Slater, A. E., ‘‘The Colours of Martian 
‘Vegetation,’’’ Space Flight, vol. I, no. 1, 
Oct. 1956, pp. 35. 

4 McLaughlin, D. B., ‘‘Interpretation of 
Some Martian Features,’’ Publ. Astron. 
Soc. Pacific, vol. 66, Aug. 1954, pp. 161-169. 

5 McLaughlin, D. B., ‘‘Further Notes on 
Martian Features,’’ [bid., vol. 66, Oct. 1954, 


chemicals have a property which enables 
them to change color when the moisture 
content is varied. A common example 
is cobalt chloride, a pink salt which turns 
blue when dehydrated. 

The moisture from the melting polar 
caps of Mars was once believed to pro- 
duce a similar reaction in its minerals. 
The theory is now abandoned, since the 
latest examination of the atmosphere 
disproves the probability of significant 
amounts of water. Another contradic- 
tory feature is the color changes, which 
are too irregular to support this hy- 
pothesis. 

The most recent theory deals with the 
existence of active volcanoes on Mars.** 
Elucidating his idea that the dark areas 
repeat themselves in shape and general 
direction around the globe, McLaughlin 
concluded that volcanic dust is carried 
up in the thin atmosphere and spread 
about by the principal winds. These 
winds are believed comparable to our 
trade winds and much effort has been 
put into proving the similarities. 

Although this theory has many 
drawbacks—it does not, for example, ex- 
plain the appearance of the dark fringe 
areas around the receding polar caps—it 
is interesting. One may not, however, 
accept readily an assumption of the exist- 
ence of volcanoes on a planet the size of 
Mars, with its very low gravity, its 
smooth surface, and its lack of shifting 
seas. Tidal effects must be very slight 
due to the planet’s great distance from 
the sun and its possession of relatively 
smallmoons. These factors are predom~ 
inant in the creation of volcanic action 
on the earth. 

The most recent interpretation of the 
dark areas was presented by Kuiper in 
December 1956. He proposed that the 
dark regions were solidified lava. The 
consistency of this surface material 
would account for the fact that the dark 
areas always reappear quickly after 
severe duststorms. Winds could easily 
blow dust off such deposits, since they 
would be left with glassy surfaces follow-~ 
ing rapid solidification. 


The Bright Areas 


Almost as mysterious as the dark areas 
are the bright, orange-colored desert 
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Applied Physics Laboratory 


ANNOUNCES 


...important openings on our 
guided missile research and devel- 
opment staff for men who wish to 
identify themselves with an organ- 
ization whose prime purpose is 
scientific advancement. 


A Because the Applied Physics 
Laboratory (APL) exists to make 
M rapid strides in science and tech- 

a nology, staff members require and 
ss receive freedom to inquire, to ex- 
-—speriment, to pursue tangential 
paths of thought. Such freedoms 
are responsible for findings that 
oo ee frequently touch off a chain reac- 
ae tion of creativity throughout the 
organization. As a staff member 
of APL you will be encouraged to 
i determine your own goals and to 
set your own working schedule. 

You will also associate with lead- 

ers in many fields, all bent on 

solving problems of exceptional 
scope and complexity. 


Equidistant between Baltimore, 

Md., and Washington, D. C., our 

laboratory allows staff mem- 

a bers to enjoy suburban or urban 

on living and the rich cultural, edu- 

eational and research facilities 
Offered by both cities. 
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Openings Exist in 
These Fields: in 
DEVELOPMENT: Stability and control analysis; 


ramjet engine design; preliminary design and 
wind-tunnel testing. 


RESEARCH: Interference and heat transfer 
phenomena; internal aerodynamics; hyper- 
sonics, turbulence, shock wave phenomena; 
combustion. 


SEND NOW FOR OUR NEW 30- 

PAGE PUBLICATION DESCRIBING 

IN DETAIL THE SCOPE OF THE 

LABORATORY’S PROGRAMS AND 

THE UNIQUE ENVIRONMENT IN 

WHICH STAFF MEMBERS WORK 
AND LIVE. 


WRITE: 
Professional Staff Appointments 
The Johns Hopkins University 
APPLIED PHYSICS LABORATORY 
8617 Georgia Avenue 
Silver Spring, Maryland 


The Johns Hopkins University 


regions which give the planet its over- 
all reddish appearance. It is now an 
established fact that these areas are com- 
pletely devoid of any form of life. The 
compound mineral that covers the desert 
is believed to be felsite, an igneous rock 
of potassium and aluminum silicates with 
quartz inclusions, or limonite, a rustlike 
iron oxide. The elevation of the forma- 
tions in the desert region does not at any 
point exceed 6000 to 9000 ft. Nix 
Olympica is thought to be the highest 
mountain on the planet. 
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The Canals 


In strong magnifications, the desert 
regions are seen to be traversed and sur- 
rounded by faint, seemingly straight 
lines. These are the famous canals, 
which have remained an enigma for some 
80 years. Not unlike a network of 
bluish veins, they were last observed by 
Richardson® during the most recent 
opposition. Although he did not suc- 
ceed in photographing them—the images 
on the photographic plates were only 
7 in. in diam—he could clearly dis- 
tinguish them through the 60-in. tele- 
scope when using high magnification. 

Many astronomers have seen and 
accepted the fact that Mars is scarred 
with what often appears to their eyes 
as highly symmetrical grooves. The 
nature of these grooves, in the meantime, 
isunfounded. Astronomers have fought 
bitterly over the origin and significance 
of the lines. Lowell and Barnard repre- 
sented the contestants in this scientific 
tug-of-war. Lowell concluded that the 
Martian canals were built by intelligent 
beings who were struggling to maintain a 
water supply from the polar caps on 
the drying planet. Barnard, his strong- 
est opponent, maintained the canals 
were natural formations. 

The latest observations strongly sup- 
port this hypothesis. Even though a 
true definition of the canals remains to 
be given, the “intelligent life’ theory 
seems to have been wholly discarded. 
The only life we may expect to find on 
Mars will be that which is believed to 
constitute the dark areas. Even this, 
a very low form of life, would be capable 
of withstanding temperature extremes. 
Lichens are an outstanding example of 
symbiosis. Being formed by an alga 
and a fungus, the combination of these 
two plants, the lichen, is capable of liv- 
ing through environmental conditions 
which would prove fatal to any other 
plant. The alga contains chlorophyll 
and is thus the energy absorber. The 
fungus thrives on the alga and at the 
same time protects it from desiccation 
by providing it with water. 


6 Richardson, Robert L., ‘Preliminary 
Report on Observations of Mars at Mt. 
Wilson in 1956,”’ Spaceflight, vol. I, no. 3, 
April 1957, p. 114. 


Expedition to Mars 


A single example of a space flight 
project with Mars as the goal is described 
in a résumé of a book, ‘The Exploration 
of Mars,” by Wernher von Braun.!_ The 
project seems quite ambitious, since the 
expenditure of fuel reaches a total of half 
a million tons of propellant! This, how- 
ever, is only one-tenth of the quantity 
needed in von Braun’s earlier ‘Mars 


Project,” the enormous saving being 
; achieved by using two ships carrying a 


dozen men, instead of 10 ships carrying 
70. The propellants are nitric acid and 
hydrazine. 

Both ships are constructed in a 1075- 
mile orbit above the earth. As they 
are not meant to be landed, they are not 
streamlined, but are assembled by 
girders and aluminum members without 
skin or fuselage. Only the propellant 
tanks and living quarters are voluminous 
bodies. 

One ship is passenger-carrying 
vessel which will make the round trip. 
The other, the “cargo ship,”’ carries the 
stores needed for the journey and the 
landing craft which will make the actual 
descent to the planet. Each ship weighs 
1870 tons on departure from the earth 
orbit, with empty propellant tanks and 
surplus motors jettisoned en route. 

The most impressive item of the ex- 
pedition is the 177-ton glider for the 
descent to Mars when an orbit has been 
established around the planet at a height 
of 620 miles. It will carry nine of the 
expedition’s 12 men, who will spend 400 
days on Mars, a period determined by 
the length of time it takes for earth and 
Mars to get into the right position for 
the return journey. 

The landing party will need 18.7 
tons of oxygen, water and food, and 35 
tons of equipment, including two small 
tractors to allow a good radius of action. 
This explains the size of the glider, which 
also has to carry sufficient propellant to 
get the nine men and 5.5 tons of speci- 
mens back to the orbit. 

When it is time to take off from Mars, 
the glider is stripped down and winched 
into the vertical position, becoming, in 
effect, a simple rocket which will be left 
orbiting Mars for the benefit of future ex- 
peditions. 

The passenger ship then returns to 
earth. To economize use of propellants, 
it settles into an orbit at a height of 
56,000 miles, from which crew and speci- 
mens are retrieved by a ferry rocket 
launched from the lower 1075-mile orbit. 

Mars still hides many secrets from 
us. The project outlined here will be 
superseded by better ohes, utilizing more 
powerful propulsion systems, and some 
time in the not too distant future 
Man will be able to see for himself 
whether or not his theories about the 
planet were correct. 
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Complements ASCOP’s PW Multicoders and 
A “packaged” system for 
operational testing of airborne or land wetiiies 


Telemetering Sets. 


. and for static testing. 


Continuous automatic compensation of eyetenn 
zero and scale factor eliminates need for cal- 
ibration and manual adjustment. 

Operates directly from PW signals of 30x30, 


F SERIES MISSILE 
TELEMETERING SETS 


For short life applications, 
where the ultimate in compact- 
ness, ruggedness, and perform- 
once are required. Standard 
packa ~ as shown are avail- 
able 30 x 30 and 45 x 20 


ll Special configurations, 
using standard functional com- 
ponents, may be ordered. Some 
components are sold separately. 


M SERIES PW GROUND STATION 


D SERIES 
LOW LEVEL MULTICODERS 


Low level sensitivity opens a 
whole new field of mobile in- 
strumentation. Combine super- 
sensitivity, high accuracy and 
a wide selection of data chan- 
nels (up to 88). Ultra high 
altitude pressurization and 
rugged design make them ideal 
for recovery and repeat use. 
Available for 15 or 30 mv 
range. High speed models op- 
erate at 900 PPS low speed 
models at 112.5 PPS. Operate 
from low level or standard 
transducers. Accept double ended 
balanced inputs. 


A SERIES 
ACCESSORY EQUIPMENT 


RF Preamplifier units for greatly 
increased receiving range, and 
RF Multicoupler for operation 
of up to 4 receivers from a 
single Preamplifier or antenna. 
Broad band operation 215 to 
235 megacycles. 


Send for Our Catalog 


MULTICHANNEL DATA TRANSMISSION 
OR RECORDING USING RF CARRIER 
FM SUBCARRIER OR SINGLE 
MAGNETIC TAPE TRACK 


ASCOP pulse width coding and time 
division multiplexing techniques result in 
systems featuring large numbers of data 
channels, highest accuracy, reliability, 
flexibility and ease of operation. That is 
why ASCOP Telemetering Systems have 
been first choice for the nation’s most vital 
projects involving automatic handling of 
data from aircraft, missiles, test stands, 
nuclear reactors, etc. With an ASCOP PW 
System as many as 88 data channels may 
be sampled, transmitted and/or recorded 
Up to 1232 
data channels are available by means of 
multiple tape recording, or up to 1760 
data channels by means of sub-commuta- 
tion. System accuracy is better than 1%. 


and reduced in real time. 


TYPICAL SYSTEM PERFORMANCE 


(Utilizing Zero and Full Scale Reference) 


NUMBER OF DATA CHANNELS 
SAMPLES/CHANNEL/SECOND 
FREQUENCY RESPONSE, CPS 


LINEARITY.... 
STABILITY .... 


45x20 or 90x10 configurations — or indirectly . 
at non-standard rates of 30, 45 or 90 channels 
by means of proper tape control. Provides for 
visual monitoring of all data channels and pro- 
duces reduced graphic output records of selected 
channels in real time. Features missing data point 
correction for continuous synchronization. 
access to slide-mounted chassis is also provided. 


Easy 


C SERIES 
MONITOR EQUIPMENT 


A means for rapid inspection 
and visual monitoring of air- 
borne or test stand data. Per- 
mits engineer to check or read 
data both before and during 
test runs on entire telemeterin 
train from commutator 
the tape recording system, saving 
a great deal of data reduction 
time. Samples data at repetition 
rates of 114 to 30 samples per 
second. Provides reliable per- 
formance under extremes of 
vibration, acceleration, decelera- 
tion, etc. 
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Better than +0.5% of full scale. 
Long term drift less than 
+1% of full scale. 


M SERIES 

MONITOR 

CONSOLE 
GROUP 
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G SERIES 
LOW LEVEL MULTICODERS J 


A commercial series for use in 
wind tunnels, chemical proc- | 
esses, nuclear reactors, etc., 

where automatic data handling ; 
is mandatory. Provide 88 chan- 
nels of low level information 
with sampling speeds of 10 or 
14% samples per second. Output 
is in pulse width form ... can 
be recorded on magnetic tape, 
transmitted over a line or used 
to modulate a transmitter. Input 
sensitivity 15 mv. Available for 
rack mounting or in a bench © 
cabinet. 


West Coast Office: 
Southeastern District Office: 


we PROVIDE LEVER YOU MOVE THE WORLD 


APPLIED SCIENCE CORP. 
OF PRINCETON 


PRINCETON, NEW JERSEY 


15551 Cabrito Road, Van Nuys, California —— 


1 N. Atlantic Ave., Cocoa Beach, Florida 
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ARS News 


Hypervelocity Vehicles Take Shape 
At ARS Semi-Annual Meeting 


A BLUNT-NOSED _hypervelocity 
glide vehicle supported on re-entry 
by delta wings whose leading edges are 
also blunted was suggested at the ARS 
Semi-Annual Meeting in San Francisco 
earlier this month as the optimum de- 
sign for a manned long-range craft. 

Alfred J. Eggers Jr. of the National 
Advisory Committee for Aeronautics 
Ames Aeronautical Laboratory, Moffett 
Field, Calif., proposed the vehicle after 
exploring the favorable and unfavor- 
able aspects of ballistic, glide and skip 
trajectories. 

Dr. Eggers’ paper, delivered at the 
Hypervelocity Flight Session, was 
one of 34 technical papers presented at 
eight sessions at the St. Francis Hotel 
June 10-13. About 1000 missile scien- 
tists and engineers attended the meet- 
ing. 

Those three paths through the upper 
atmosphere before returning to earth 
would give a maximum range for a given 
velocity at the end of powered flight. 
Using this as a point of departure, Dr. 
Eggers pointed out that ballistic ve- 
hicles would be the least efficient, gener- 
ally requiring the highest velocity at the 
end of powered flight. On the other 
hand, heating at re-entry can be kept 
low by making the nose blunt. 

Glide vehicles, while far superior to 
ballistic counterparts if possessing a lift- 
drag ratio of four or greater, encounter 
severe heating problems. The energy 
can be radiated back to the atmosphere, 
however, he noted. 

Skip vehicles of similar lift-drag 
ratios are comparable to the glide ship 
forrange. But large aerodynamic loads 
and very severe heating during dips into 
the atmosphere make this type of tra- 
jectory the least attractive. 

Extending this into manned craft, 
Dr. Eggers rejected the ballistic path 
because of the decelerations it would im- 
pose, and concluded that glide vehicles 
were the most promising. 

Blunting the glider’s leading edges 
would reduce heating, and to compen- 
sate for the drag penalty demanded by 
that configuration, the wings are swept 
to around 65 deg (see photo right). 

Turning to satellite vehicles, and 
treating them as the limiting case of 
ballistic craft, he said that, with a tra- 


jectory only slightly inclined to the 
horizontal, a finned hemisphere (10 ft 
diam, 1250 lb in weight, 16 lb per sq ft 
weight to frontal area ratio) would ex- 
perience a maximum deceleration of 
7.2g and a maximum equilibrium surface 
temperature of around 2500 F. Ce- 
ramic outer surfaces coupled with radia- 
tion losses should permit integrity to be 
maintained for recovery (see photo 
above). 

Heat transfer problems, as has been 
seen, determine not only the maximum 
speed which can be obtained but impose 
severe limitations on choice of flight 


NACA’s example of a hypervelocity glide 
vehicle. 
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path and configuration of the vehicle. 
So stating, Jackson R. Stalder, also of 
NACA’s Ames facility, outlined to the 
meeting the major difficulties encount- 
ered in the aerothermodynamic design of 
hypersonic craft. 

Because of the temperatures, con- 
tinued Samuel A. Batdorf of Lockheed 
Aircraft, stress is no longer proportional 
to strain. Rather, a stress-strain-time- 
temperature relationship must be sub- 
stituted, but when such a relationship 
is found, he warned, it may be too 
complicated to apply. 

C. Frederick Hansen, a third NACA 
Ames man on the panel, dealt with some 
characteristics of the upper atmosphere 
pertaining to flight in the far supersonic 
ranges. And Lester Lees of CalTech 
rounded out the well-integrated session 
with a report on recent developments in 
hypersonic flow. 

The hypervelocity session was 
chaired by Julian Allen of NACA’s 
Ames Lab, who was recently honored 
for conceiving the blunt-nose design 
for the ICBM (see p. 726). 

Besides hypervelority vehicles, the 
sessions covered instrumentation and 
guidance, liquid’rockets, solid rockets, 
combustion, ramjets and space flight. 

The ARS Northern California Section 
sponsored the meeting. The Semi- 
Annual Meeting of the American So- 
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Separation oF the second stagé 16 controlled by a coasting time computer de 
and built for the Martin Company of Baltimore by Air Associates; tncotpora 


The Reeves Instrument Corporation has designed and is building for Air Associates 
the “speedometer” needed for computing the second-stage coasting ti 
8s a function of the burf-out Speed. Essentially an leromet 
it provides a continuous record of velocity as the rocket speed builds 

and feeds this information into the control unit’s computer. 


The control unit, after the computed coasting time has elapsed, triggers 
the system. Stage two is separated and stage three gives the satellite the final 
acceleration required for insuring that the satellite circles around the earth. 


Because of its vast experience in design of precision gyros and accelerometers, 
Reeves has been assigned the task of developing an important instrument 
for use in one of man’s great ventures, Project VANGUARD. 


REEVES INSTRUMENT CORP. , sislibiais OF DYNAMICS CORP. OF AMERICA, 215 EAST Sist ST, NEW YORK 28, N.Y. 
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ciety of Mechanical Engineers was held 
at the same time in the Sheraton Palace 
Hotel, and many members of both or- 
ganizations sat in on sessions of both 
societies. 

Dan A. Kimball, president of Aero- 
jet-General, was the featured speaker at 
a luncheon on June 11, while Rea: 
Adm. W. F. Raborn, director, Specia! 
Projects Office, Bureau of Naval Ord- 
Leas nance, was the principal speaker at th« 
COUPLING banquet on the evening of June 13 
PRESSURE which closed out the meeting. 


iat ARS Adds Six 


_ Corporate Members 


Six more firms active in the rocket or 
jet propulsion fields have become cor- 
porate members of the AMERICAN 
Rocket Society. They are: 


e Walter Kidde & Co., Inc., Belleville, 
N. J. The company is involved in re- 
search, development and manufacture of 
auxiliary power systems, high pressure 
containers and glass fiber radomes. 

Representing the firm in ARS activi- 
ties will be A. H. Hobelmann, assistant 
vice-president; J. R. Stanton, contract 
engineer; R. P. Kirkup and R. M. Bel- 
monte, research and development engi- 
neers; and W. Masnik. 


e Litton Industries, Inc., Beverly Hills, 

Calif. This company’s activities are 

centered on development and produc- 

tion of electronic guidance and control 
equipment. 

Designated as ARS representatives 
are H. W. Jamieson, vice-president; 
process 4 ‘off - normals sla H. E. Singleton, director, guidance and 

a control; R. A. Roche, director of re- 
In the process industries and among users of automatic machinery, 
t puter research; and J. Ray Donohue 
rouble is minimized when it’s caught early. That’s the purpose of the : Si cies : 
Jr., director of military relations. 
Panalarm Annunciator System—a continuous monitor of your process. , 
e The Meyercord Co., Chicago, de- 


One typical adaptation of the modular Panalarm system is engineered i 

. ; velopers and manufacturers of high tem- 
to differentiate between the first “off-normal” and subsequent “off-normals” ied film markings and sy and 
caused by the first. This feature allows instantaneous recognition of the prime exterior nameplates, emblems and film 


war, 
« 


source of trouble in a “chain reaction.” markings for rockets, missiles, jet air- 
Another adaptation is designed specifically for motor start-up and shut- | craft and components thereof. 
down. It has also been successfully adapted for supervisory control, pump | ARS representatives for the company 


control and programming. are Leonard A. Knopf, vice-president; 
Ludwig F. Akkeron, chief chemist; 


Your Panalarm sales engineer will be happy to make a survey of your a ‘i 

). J. yer, Mané Nz at 
requirements to determine whether a Panalarm system can aid productivity 
and safety in your process. For electrical and mechanical data on standard _ E. R. Rodgers, assistant manager, Air- 
systems, request Catalog 100B on your letterhead. craft Marking Component Div. 


@ Norris-Thermador Corp., Los An- 
geles, producers of metal rocket com- 
ponents such as warheads, motors, noz- 


Division of 


PANELLIT, INC. “sf : zles and fins, and producers of JATO 
7525 N. Hamlin Avenue, Skokie, Illinois = bodies. 
Panellit of Canada, Ltd., Toronto 14 Representing the firm in ARS will be 


Donald P. White, vice-president; Larry 
Shiller, chief researc and development 
engineer; Charles E. Fisher and Fred A. 
Wheeler, ordnance engineers; and Tur- 
ner C. Hawes, development engineer. 


Engineered 
Information Systems 
for industry 


Panalog en ire aw 
Graphic Panels, Information Panellit Service & Northrop Aircraft, Inc ., Hawthorne, 
Control Centers Systems Corporation Calif., whose activities include research, 
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HE MISSILE PROGRAM is a top priority item 

in our national defense, focusing attention on 
Patrick Air Force Base on the east coast of central 
Florida. Here giant “birds” such as the Snark, Navaho, 
Redstone and Bomarc are tested. From the launching 
area on Cape Canaveral, the missiles are fired out over 
the Atlantic Ocean. They are “‘tracked’’ by camera, 
radar, telemetry and other means along the range 
which extends 5,000 miles from Florida to distant 
Ascension Island. 


RCA Service Company has responsibility for the all- 
important technical aspects of data acquisition. RCA 
engineers and technicians plan, develop, install, maintain 
and operate the electronic and optical equipment 
used for tracking. 


A single missile flight may produce as much as 50,000 
feet of photographic film and more than 100,000 feet 
of magnetic and punched tape. Electronic equipments 
inside the missile transmit vital information about 
performance. On some missile flights, these devices 
alone furnish more than 400 separate pieces of infor- 
mation. Data recorded by various electronic and 
photographic techniques cover every aspect of the 
missile’s performance—speed, altitude, rate of climb, 
fuel consumption, and other factors. 
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by developing the equipment used for 
flight testing ballistic and guided missiles 


Once a test flight has been completed, this vast 
accumulation of data is processed by mathematicians 

and machines. The end product is a Flight Test Data 
Report which records all aspects of the missile’s 
performance. This report is turned over to the Air 
Research and Development Command and to the 
missile manufacturer. 


These same techniques will also be used in the Vanguard " 
Project to track the earth satellite when it is launched = 
from Cape Canaveral. 


For information relative to employment opportunities 
with RCA in Florida, send for our free booklet. iz 


Confidential interviews with engineering management 
arranged upon request. Write to: 


Ashby 


Employment Manager, Dept. N-7F 
RCA Service Company, Inc. 
P. O. Box 1226, Melbourne, Fla. 


RCA SERVICE COMPANY, INC. : 
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development and design of guided mis- 
siles. 

ARS representatives are George N. 
Mangurian, chief analytical engineer; 
Ralph C. Hakes, preliminary design 
project engineer; Raymond E. Grill, 
preliminary design engineering special- 
ist; Bernard B. Levitt, propulsion sys- 
tems analysis supervisor; and Robert L. 
Nathan, propulsion systems analysis en- 
gineer. 


e Telefilm, Inc., Hollywood, Calif., 
whose activities include technical mo- 
tion picture servicing of classified films 
made by Southern California com- 
panies holding government contracts for 
the development and manufacture of 
rockets, guided missiles, electronic ele- 
ments and aircraft. 

Designated ARS representatives are 
Joseph A. Thomas, president; James B. 
Pinkham, executive vice-president; 
Peter Comandini, secretary-treasurer; 
Steven A. Guy, director, electronics 
department; and Mervin J. Updegraff, 
supervisor, art department. 


Pacific Rocket Society 
Holds Public Launching 


The Pacific Rocket Society last 
month held its fourth annual public 


launching at the Mojave Test Area in 
Kern County, Calif. 

Dan Brewer, Guided Missile Research 
Div., Ramo-Wooldridge Corp., and 
vice-president of the Southern Cali- 
fornia Section of the AMERICAN ROCKET 
Society, was the guest speaker at a re- 
cent meeting of the amateur rocket 
group. 


Rocket Research Institute 
To Fire Mail Rockets 


The Rocket Research Institute, an 
amateur experimental organization with 
headquarters in Glendale, Calif., will 
fire five mail-carrying rockets carrying 
a total of 5000 special covers across the 
Nevada-California border July 1. This 
second interstate rocket mail flight by 
the Institute will commemorate the 
start of the International Geophysical 
Year and marks the fourth such rocket- 
post demonstration in ten years. 

Rockets to be used in the demonstra- 
tion are 11 ft long and 3 in. in diam, and 
use a micrograin solid propellant de- 
veloped by the Institute in 1943. Each 
rocket will carry 1000 covers approxi- 
mately 1} miles from a launching tower 
in Douglas County, Nev., to Mono 
County, Calif. 

George S. James, Aerojet-General 
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*‘Moonwatch’ 


Phoenix, Arizona, citizens prepare for 
“Operation Moonwatch” atop a 12- 
story building in what is reportedly the 
first earth satellite observation post 
built and equipped with private funds. 

Underwritten by a  civic-minded 


Practice 


Begins in Southwest 


banker, the station cost several thou- 
sand dollars. It is equipped with a 
24-ft T-mast, a dozen wide-angle tele- 
scopes for as many sighting benches, a 
short wave radio, tape recorder, and 
associated items. 
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Corp., Institute director, emphasized 
that the flight is not sponsored by the 
U.S. Post Office but that these rocket 
covers have the same status as covers 
carried in aircraft prior to the establish- 
ment of official U. S. Government air- 
mail service. 

The purpose of the flight is to raise 
funds for an educational rocket engi- 
neering project being conducted in 
Sacramento by the Institute. This 
program, called SPARK I (Special 
Project, Altitude Rocket Knowledge), 
is almed at the construction of a two- 
stage intermediate-altitude sounding 
rocket for launching during IGY 1957- 
1958. The two rockets for the SPARK I 
system are a 400-lb-thrust, 74-sec-dura- 
tion, lox-alcohol sustainer and a 10,000- 
lb-thrust, 1-sec-duration booster. 


IAF Congress Slated 
For Barcelona 


The Eighth International Astronau- 
tical Congress will be held Oct. 7-12, 
1957, in Barcelona, Spain. 

The largest and most comprehensive 
program yet scheduled by the Interna- 
tional Astronautical Federation is now 
in preparation. 

ARS papers being assembled by Space 
Flight Committee Chairman Krafft 
Ehricke cover a broad range of subjects. 
They include, tentatively, papers by 
Wolfgang Klemperer and E. T. Benedict 
of Douglas Aircraft; E. R. G. Eckert, 
University of Minnesota; David G. 
Simons, Holloman Air Development 
Center; C. Gazley and D. J. Masson, 
Rand Corp.; R. E. Roberson, Autonet- 
ics Div. of North American Aviation; 
R. Haviland, General Electric Co.; 
P. E. Glasser, Arthur D. Little, Inc.; 
R. T. Patterson, Martin Co.; H. H. 
Koelle, Army Ballistic Missile Agency; 
S. F. Singer, University of Maryland; 
Angelo Miele, Purdue University; and 
Mr. Ehricke. 

Additional program and reservation 
information was recently mailed to all 
ARS members. 


Seetions 


Alabama: James J. Harford, ARS 
executive secretary, addressed the 
April gathering on the future aims 
and goals of the Socirty. A film on 
the V-2 was shown. 

Chicago: Charles C. Miesse of the 
Armour Research Foundation spoke 
to the Section at the April meeting on 
the use of theoretical,models in missile 
research. Mr. Miesse, who is super- 
visor of combustion research for the 
foundation, gave examples where such 
models have proved very useful. 

Columbus: John Townsend Jr., 
head of the Rocket Sonde Branch 
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This engineer is fully equipped, with his Heiland Dynamic 
Recording System, to record a complete range of phenomena... . 
strain, vibration, pressure, acceleration, temperature, impact 


- many others. 


_ The 700-C Series Recording Oscillographs can put up to 60 traces 
on 12” wide recording paper at speeds from .03 to 144 in. per sec., 


with frequency response from DC to 3,000 cycles per second. 
Power supply is 28 volts DC or 115 volts AC. Both the 
oscillograph and the amplifier system (either carrier or 
linear/integrate) may be bench, shock, or vibration mounted, _ 
or installed in a standard relay rack without modification. 


Whether your measuring and recording needs are for dynamic 
testing of guided missiles or aircraft; structural tests of buildings, 
bridges or ships; performance tests of heavy machinery or 
electrical equipment; riding quality evaluation of automobiles, 
trucks, or railroad coaches; physiological or medical research; 

or similar applications in all fields of industry, science and 
engineering—it will pay you to let a Honeywell Industrial Engineer 
show you why the Heiland System is unmatched for sensitivity, 
stability, and dependable performance. Call your nearest 
Minneapolis-Honeywell Industrial Sales Office today ... and 
write for Bulletins 101-M and 701-M. 


Honeywell H 


HEILAND INSTRUMENTS 
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LEADERS IN THE 
AIRCRAFT INDUSTRY 
Specify 
AR K CE 


SPECIAL PURPOSE 
RECEIVERS 


NEMS-CLARKE special purpose receivers are designed to 
provide optimum performance for applications such as 
telemetering, guided-missile monitoring, radiosonde recep- 
tion and numerous other applications where receivers of 
superior performance with high sensitivity and low noise 
are required. 


CIFICATIONS 


FM/FM and PWM/FM 
216-245 Megacycles determined 
by plug-in crystals. 

Less than 7 db. 

ide band—500 KC bandwidth 
3 db points. Attenuation + 
KC from center frequency 
er than 60 db. 

band—I00 KC band- 
t 3 db points. 


UGHT 
4 
+250 KC from 


ES greater than 


Video Output .................. 0.16 volts peak-to- 
of deviation. 
ponse within 3 
pled—i0 CPS to 


Type of Reception 
Frequency Range 


Noise Figure 
IF Bandwidth... ........ 


VU Meter in Video 
Outupt Circuit 


Provided 
adjustable 
reference level trol. 


Spectrum Display 
Output 


Provisions for 
M Spectru 
(NEMS-CLARK 
200) 


— 
Frequency Monitor 
Output 
Frequency Deviation 
Meter over frequency 


00 to 80,000 CPS. 
75 and 150 


NEMS-CLARKE 


INCORPORATED 


919 JESUP-BLAIR DRIVE 
SILVER SPRING, MARYLAND 


For information write Dept. GM-5 


of the Naval Research Laboratory, 
spoke at the May dinner meeting 
on the earth satellite and rocket re- 
search. At the previous meeting, 
Ralph Bloom and Frank Kraft of 
Becco Chemical talked about con- 
centrated hydrogen peroxide, its char- 
acteristics and uses. 

M. W. Jack Bell has been ap- 
pointed Section representative to the 
Columbus Technical Council and 
Harold Rienstra has been appointed 
representative to the Youth Guid- 
ance Committee. Three committees 
have been set up: A program com- 
mittee with Loren Bollinger, William 
Weber and Thomas Kirk; a by-law 
committee with Donald Hall, Alex 
Lemmon and Albert Weller; and a 
publicity committee with Mr. Bell 
and Arthur Greshemer. 


Detroit: Kurt R. Stehling of the 
vehicles branch, Project Vanguard, 
NRL, was the speaker for May, 
describing space investigation by use 
of high altitude rockets and space 
satellites. 


At an earlier meeting, Donald R. 
Green, head of the engineering and 
instrumentation department, Naval 
Test Facility, White Sands Proving 
Grounds, spoke on ‘Rocket Test 
Facilities Operations.” The Section 
also toured the Aeronautical Engi- 
neering Department, Aircraft Propul- 
sion Laboratory and the Ford reactor 
at the University of Michigan. 

Ft. Wayne: Alfred J. Zaehringer, 
president, American Rocket Co., Wy- 
andotte, Mich., was the guest speaker 
at the second anniversary banquet of 
the Ft. Wayne Section. Mr. Zaeh- 
ringer’s topic was ‘“‘Soviet Missiles.” 

Maryland: At its April meeting, 
the Maryland Section presented its 
first annual award to Grey R. Brooks, 
Thiokol Chemical Corp., Elkton Div., 
Elkton, Md. Mr. Brooks’ was 
honored as the engineer who had 
contributed the most to the advance- 
ment of the science of rocketry in the 
Maryland area for the year 1956. 
The award committee, headed by Joel 
Jacobson, vice-president of Aircraft 
Armaments Inc., chose Mr. Brooks 
from a list of over 50 candidates pre- 
sented by the various companies and 
organizations in the Maryland area. 

Mr. Brooks was selected for the 
award for his work on the Cajun 
rocket, which demonstrated his “keen 
understanding of rocket design, inte- 
rior ballistics, and his ability to achieve 
high engine performance in a mini- 
mum period of tinte.” The award 
was presented by Ivan Tuhy of The 
Martin Co. (photo) at a dinner 
meeting attended by more than 100 
members and their wives. 

Following the presentation of the 
award, R. T. Patterson, project engi- 
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The Jet Propulsion Laboratory 
is a stable research and develop- 
ment center located to the north 
of Pasadena in the foothills of 
the San Gabriel mountains. 
Covering an area of 80 acres and 
employing 1550 people, it is close 
to attractive residential areas. 


The Laboratory is staffed by the 
California Institute of Tech- 
nology and develops its many 
projects in basic research under 
contract with the U.S. Gov’t. 


Qualified personnel employment 
inquiries now invited. 


For many years the Jet Propulsion Labo- 
ratory has pioneered in the design and 
development of highly accurate missile 
guidance systems, utilizing the most ad- 
vanced types of gyroscopes, accelerometers 
and other precision electro-mechanical de- 
vices. These supply the reference informa- 
tion necessary to achieve the hitherto un- 
attainable target accuracies sought today. 


The eminent success of the early ‘‘Cor- 
poral’ missile flights shortly after World 
War Il firmly established the Laboratory as 
a leader in the field of missile guidance. 
These flights also initiated experiments in- 
volving both inertial and radio-command 
systems employing new concepts of radar 
communication. Because of this research 
and experimentation JPL has been able to 
add materially to the fund of knowledge 


Pioneers in Guidance Systems 


available to designers of complex missile 
systems. 


This development activity is supported 
by basic research in all phases of elec- 
tronics, including microwaves and antennas, 
new circuit elements, communications and 
reliability in addition to other branches of 
science necessary to maintain a fully inte- 
grated missile research organization. 


The Jet Propulsion Laboratory, there- 
fore, provides many challenging opportu- 
nities to creative engineers wishing to ac- 
tively apply their abilities to the vital tech- 
nical problems that require immediate and 
future solution. 

We want to hear from men of proven abil- 
ity. If you are interested please send us © 
your qualifications now. 


INSTRUMENTATION +» APPLIED PHYSICS + DATA HANDLING +» COMPUTERS 


TELEMETERING + RADIO AND INERTIAL GUIDANCE + GUIDANCE ANALYSIS 
SYSTEMS ANALYSIS * MICROWAVES + ELECTRO-MECHANICAL + PACKAGING 
MECHANICAL ENGINEERING 


JET PROPULSION LABORATORY a 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA «+ CALIFORNIA 
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PHYSICISTS & MATHEMATICIANS 


PLANE 


Possibilities of almost unlimited 
range and speed for aircraft give 
top priority to the work now under- 
way at the Aircraft Nuclear Pro- 
pulsion Department of General 
Electric. 


The product stage has been 
reached, and physicists and mathe- 
maticians—with or without previ- 
ous nuclear experience—are needed 
immediately for assignments in: 


Thermodynamics and Cycle 
Analysis 


Reactor Analysis °¢ Shield 
Physics 


Nuclear Instrumentation 
Digital and Analog Computers 
Theoretical Physics 


Numerical & Programming 
Analysis 


Your nuclear knowledge will be 
supplemented through a special 
series of in-plant courses that will 
give you a sound basis for work in 
this field. 


The emphasis here is on research. 
Technical assistance is liberal, 
facilities modern and extensive. 
Responsibility is fully delegated. 


Your professional development is 
encouraged in every way by on the 
spot management. There are op- 
portunities for graduate study ona 
Full Tuition Refund Plan. And 
frequent merit reviews keep ad- 
vancement based on ability and 
performance, not number of years 
on the job. 
Comprehensive Benefits 
Relocation Expenses Paid 


Choice of Two Locations: 
Cincinnati, Ohio and Idaho Falls, Idaho 


Write in confidence, stating salary 


requirements to: 


J. R. Rosselot 
P. O. Box 132 
Cincinnati, Ohio 


L. A. Munther 
P. O. Box 535 
Idaho Falls, Idaho 
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Grey R. Brooks of the Thiokol Chemical Corp. is presented with the Maryland Section’s 
award as the area’s outstanding engineer of the year by Ivan Tuhy (left) of The Martin Co. 


neer, New Design, Vanguard Project, 
Martin Co., gave a talk on ‘‘Recovery 
of Scientific Research Payloads from 
High Altitudes.” This talk reported 
on the results of a study by Martin 
personnel to determin? the feasibility 
of the physical recovery of scientific- 
research payloads .(such as nuclear 
emulsions exposed to cosmic rays; 
animal tissue, structural materials 
and equipment exposed to radiation; 
and geodetic, weather, astronomic and 


spectroscopic research equipment) 
from very high altitude, near-vertical 
trajectories. 


After discussion of the magnitude of 
the thermal problem and the decelera- 
tion problem as the payload enters the 
earth’s atmosphere, as well as the 
problem of locating the landed pay- 
load, it was concluded that, through 
approximate design considerations, 
such recovery is feasible today. The 
talk was illustrated with well-chosen 
lantern slides, 


New England: Albert Clark of 
General Electric’s Missile and Ord- 
nance Systems Dept., Philadelphia, 
predicted a missile on the moon with 
instrumentation and _ transmitting 
equipment in the next 20 years. 
He spoke to a combined meeting of the 
ARS Section and the IAS group in 
Boston. 

Members and guests of the New 
England Section last month visited 
the National Northern Corp., West 
Hanover, Mass., for a plant tour that 
included a view of JATO igniter 
production facilities and static and 
dynamic firings of various kinds of 


projectiles and warheads, as well as 
gas generators, tracers and propellant 
systems. 

New York: A discussion of frozen 
free radicals and their potentialities 
as propulsion fuels by Herbert P. 
Broida, Free Radicals Section Chief, 
National Bureau of Standards, high- 
lighted the May meeting of the New 
York Section. Dr. Broida, now co- 
ordinating a major research effort by 
the Bureau in this field, discussed 
techniques now being used for the 
study of free radicals, illustrating his 
talk with a short movie and slides. 

Northern California: Joseph Kap- 
lan of the University of California at 
Los Angeles, Chairman of the U. S. 
National Committee for the Inter- 
national Geophysical Year, was the 
guest speaker at a joint meeting of the 
Northern California Section and the 
IAS last month. Dr. Kaplan dis- 
cussed plans for IGY, with particular 
attention to Project Vanguard. 

Princeton: The group played host 
to 150 visitors, including many from 
New York and Philadelphia, May 4 
for an ARS Open House and tour of 
the Forrestal Research Center. Facil- 
ities of the University’s Department 
of Aeronautical Engineering were 
open to the group. Highlight of the 
tour was a series of bipropellant rocket 
runs. 

San Diego: S. A. Schaaf, associate 
professor of engineering and director 
of the low pressure research project 
at the University of California, was the 
guest speaker at a recent joint meeting 
of the San Diego Section and the IAS. 


JET PROPULSION 


Ju 


| 
ee Maryland’s Missile Engi f the Y: 
| via anda’s Isslie Engineer e tear 
> 
A, 
= 
> 
— 
- 
a 
3 
: 
« 
; 
= 


Outline of 1000 Temperature-Pressure Problems 


Any rocket engine looks simple in silhouette 
—but its 150 or more parts present new and 
complex problems of operating tempera- 
tures and pressures. This is the reason why 
The M. W. Kellogg Company, leading de- 
signer and fabricator of industrial high tem- 
perature, high pressure vessels and steam 
power piping, was assigned a major role in 
the development and production of over ten 
different guided missiles to date, including 
the Terrier. 

Steam power piping and rocket motors, 
for example, have much in common. In the 
latter, nozzle temperatures are around 5000 
deg. F. and pressures 2000 psi. In steam- 


DEFENSE PRODUCTS DIVISION 


711 THIRD AVENUE, NEW YORK 17, N. Y. 
A SUBSIDIARY OF PULLMAN INCORPORATED 


Companhia Kellogg Brasileira, Rio de Janeiro « Compania Kellogg de Venezuela, Caracas 
Kellogg Pan American Corporation, New York « Societe Kellogg, Paris 


JUNE 1957 


ove 


THE M. W. KELLOGG COMPANY 


The Canadian Kellogg Company Limited, Toronto « Kellogg International Corporation, London — 


electric power plants, the Kellogg assign- | 
ment concerns piping to withstand 1250 
deg. F. and pressures over 5000 psi. Both ; 
problems include selection or development | 
of not only the proper alloy to provide correct - 
strength-weight relationship and resistance 
to corrosion or erosion, but also the welding ne 
techniques, materials, and skills to fabricate _ 
the alloy into large or intricate shapes. 

M.W. Kellogg's long fabricating experience 
with high temperatures and pressures can 
be a valuable asset to all manufacturers 
concerned with the rocket program, and to 
those responsible for process equipment in ‘ 
the petroleum or petrochemical industries. 
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Jet engine exhaust deflector manufactured by All American Engineer- 
ing Company showing DuPont Aircraft Rivets used in its assembly. 


How Du Pont Aircraft Rivets solve 
high-temperature fastening problems 


Like many other companies now 
doing research and development 
work in the higher temperature 
range, the All American Engineer- 
ing Company of Wilmington, Dela- 
ware, uses Du Pont Aircraft Rivets 
when blind fastening is required. 

The A-286 Superalloy Rivet 
retains high shear and _ tensile 
strength even when subjected to 
extreme vibration at 1200°F., as it 
is in this jet engine exhaust deflec- 
tor. These rivets must withstand 
continuous load reversal and stress 
cycles without failure. 

Here strength is vital. But, as 
a bonus, All American gets the 
extra speed and simplification of 
assembly provided by Du Pont Air- 


craft Rivets. Working only from 
the head side, the operator expands 
the rivets with an inexpensive elec- 
trically heated DuPont riveting 
iron or similar tool. Parts are locked 
solidly and permanently together. 

For complete information and 
specifications, write E. I. du Pont 
de Nemours & Co. (Inc.), Explo- 
sives Dept., Wilmington 98, Del. 


DuPont Aircraft Rivets for high- 
temperature applications are man- 
ufactured with either modified bra- 
zier or 100° countersunk heads in 
A-286 Superalloy and nickel. Cur- 
rently available in three nominal 
diameters, 52”, %16”, and a wide 
variety of lengths. 


DU PONT AIRCRAFT BLIND EXPANSION RIVETS 


A Product of DuPont Research 
REG. U.S. PAT OFF. 
BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


Dr. Schaaf, one of the earliest research- 
ers in low density, high speed gas dy- 
namics, spoke on ‘‘Rarefied Gas Aero- 
dynamics Research,” reviewing work 
done at the Berkeley low pressure wind 
tunnel and using molecular beam 
apparatus. Approximately 100 people 
attended the meeting. 


Southern California: Krafft Eh- 
ricke, assistant to the technical direc- 
tor, Convair-Astronautics, was the 
guest speaker at the May 9 meeting of 
the Section, attended by more than 
250 members and guests. Mr. Eh- 
ricke’s topic was “Space Flight Me- 
chanics as related to Space Vehicle Pro- 
pulsion Systems.’ He also discussed 
the effect of gravitational perturb- 
ances on satellite vehicles in cislunar, 
translunar and interplanetary space. 

Irwin Hersey, ARS Director of Pub- 
lications, was a guest at the meeting 
and spoke briefly on ASTRONAUTICS, 
the new ARS magazine slated for 
publication this summer. 

This month’s meeting will feature a 
talk by Paul Winternitz, Chemistry 
Dept., New York University. Sched- 
uled for June 13 at the Rodger Young 
Auditorium in Los Angeles, the ad- 
dress will ‘cover’ jet reactors, past 
and present. 


Twin Cities: John E. Barkley has 
been named membership chairman and 
Carl L.. Kober program chairman 
of the Section. Both men are in 
General Mills’ Mechanical Div. 


Student Chapter News 


Polytechnic Institute of Brooklyn: 
Willy Ley spoke to the Chapter 
at the May meeting on fuels and their 
application to space flight. 

At an earlier meeting, Dominic B. 
Edelen, senior engineer-structures, Proj- 
ect Vanguard, Martin Co., spoke on the 
launching and problems encountered 
in Project Vanguard. 

The newly elected officers, who will 
take office in September, are Paul 
Cooper, president; Thomas Lardner, 
vice-president; John Boccio, secretary; 
and Fred Schuyler, treasurer. 


ARS Meetings Calendar 


Aug. 25-28: ARS-Northwestern Technologi- 
cal Institute Gas Dynamics Symposium, 
Northwestern University, Evanston, IIl. 


Dec. 2-6: ARS Twelfth Annual Meeting, 
Hotel Statler, New Yofk. 


Dec. 6-7: ARS Eastern Regional Student 
Conference (under the auspices of Poly- 
technic Institute of Brooklyn Student 
Chapter), Hotel Statler, New York. 
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APPOINTMENTS 
a 

e Frank Pace Jr., former Secretary 
of the Army, has been elected presi- 
dent of General Dynamics Corp., 
succeeding the late John Jay Hop- 
kins. Pace had been executive vice- 
president and vice-chairman of the 
board since 1953. In addition, Earl 
Johnson has been named executive 
vice-president of the corporation. 
He was previously a member of the 
board and vice-chairman of the board 
of management. 

e Kraft Ehricke has been named assist- 
ant to the technical director, Convair- 
Astronautics, and will head up a new pre- 
preliminary design section for the divi- 
sion. He was previously chief, prelimin- 


ary design section, systems analysis. 


McKenzie 


e T. Edward Beehan has been elected 
secretary and Reginald I. McKenzie 
treasurer of Aerojet-General Corp. 
Other changes in company personnel 
include Chandler C. Ross, manager, 
Liquid Engine Div., to vice-president- 
engineering; Robert B. Young, resi- 
dent manager, liquid rocket plant, 
Sacramento, and a member of the 
technical directorate, to vice-presi- 
dent, liquid rocket plant; Robert J. 
Mill, resident manager, metal parts 
manufacturing, to manufacturing 
manager, liquid rocket plant. 


Young 


Ross 


e Two appointments in the research 
and development branch, Missile 
Systems Div., Lockheed Aircraft Corp., 
are Ronald Smelt, former chief of 
wind tunnel operations for ARO, 
Inc., and one-time head of guided 
missiles for all the British armed 


722 


forces, named first director of the 


new design office; and Joachim 
Muehlner, appointed consulting scien- 
tist. Dr. Muehlner was previously 
technical director of the Range Instru- 
mentation Development Div., Army 
Ordnance, White Sands Proving 
Ground. 

e Howard W. Merrill has been named 
a vice-president of The Martin Co. 
and general manager of the Baltimore 
Div., where he was formerly director 
of operations. Mr. Merrill succeeds 
William B. Bergen who will retain his 
position as executive vice-president. 

e The Armour Research Foundation 
has named Frank Genevese an assist- 
ant manager of the propulsion and 
fluid mechanics research department. 
Before joining Armour, Dr. Genevese 
was at the Institute for Defense 
Analysis. 

e J. M. Miller and E. F. Lapham 
have been appointed to key design 
posts in the missiles section, Bendix 
Products Div., Bendix Aviation Corp. 
Mr. Miller will be responsible for 
equipment and Mr. Lapham, as 
chief electrical engineer, for electronic 
systems for the Talos. At the same 


time, Theodore Voorhees has been 
appointed manager of Bendix’ Inter- 
national Div. 


J. M. Miller Lapham 

e Eugene Miller has been appointed 
director of research and development 
of solid propellants in the Explosives 
Div., Olin Mathieson Chemical Corp. 
Dr. Miller was formerly chief of 
research laboratories engaged in 
studies related to guided missiles and 
rockets at Redstone Arsenal. 


E. Miller 


J: C. Smith, Jr. White 
e Three major promotions in Chrysler 
Corp.’s missile operations are those 
of John P. Butterfield, to executive 
engineer in charge of all company 
missile operations; Mansel F. 
Rankin, to manager of missile opera- 
tions at Huntsville; and James C. 
Smith Jr. to chief engineer for product 
planning, Detroit. Mr. Butterfield 
was formerly chief missiles engineer 
and Mr. Smith was chief engineer for 
marine missile systems with Chrysler. 


Kerr 


J. R. Smith 


e Perry A. White, general controller 
of Baldwin-Lima-Hamilton Corp., has 
been named to the board of directors 
to succeed Marvin W. Smith who is 
retiring as chairman of the executive 
committee. The company’s Standard 
Steel Works Div. presently includes a 
rockets and missiles department for 
crash basis production and delivery 
of rocket and missile parts. J. Richard 
Smith, who has been with the com- 
pany for 20 years, will head the new 
department. 

e Atlantic Research Corp. has gained 
two new staff members in the field 
of solid propellant rocketry. They 
are Robert S. Scheffee, formerly at 
The Martin Co., and Harold W. Gear, 
previously at Magnavox Corp., who 
have joined the Chemical Engineering 
Div. 

e John W. Anderson has been named 
director of engineering for the inertial 
guidance facility being erected near 
St. Petersburg, Fla., by Minneapolis- 
Honeywell Regulator Co. Anderson 
was a chief engineer at the main 
Aeronautical Div. Charles H. Kelly 
has been named pérsonnel manager 
for the new operation. 

e Avco Manufacturing Corp. has 
named James R. Kerr, an Avco vice- 
president, president of the Lycoming 
Div. 
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Weld Strength! Magnesium has 95% weld efficiency — 


a 
“4 In the picture above, a small arc-welded magnesium bar is electric resistance (spot, seam or flash). Magnesium plate 
a supporting a load of four tons. This is one example of what —_&” thick can be joined by arc welding in one pass. It can also 
i we mean by “strong” when we say magnesium is light but __ be readily joined by most any other method: riveting, bolt- 
1 strong. Its weld efficiency, the relationship between the ing, screwing, adhesive bonding and self-fastening devices. 
r strength of the parent metal and a welded joint, is very high. These facts spotlight just one of the many reasons magnesium 


AZ31B magnesium alloy plate, tensile strength 35,000 psi, 
n has a welded joint tensile strength of 33,000 psi, or a weld more information, contact your nearest Dow sales office, or 


n efficiency of 95%! write to us. THE DOW CHEMICAL COMPANY, Magnesium De- 
4 Magnesium can be arc welded, gas welded, or welded by _ partment, Midland, Michigan, Dept. MA1403F. 


does a better job in many fabricated metal products. For 
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last minute data on 


IMPREGNATED 
GLASS FABRICS 


for applications 
60°F -10,000°F 


Send the coupon below 
for latest data on Tre- 
varno impregnated glass 
fabrics for high tempera- 
ture, high strength, missile 
and aircraft applications. 
Trevarno Silicone and 
Phenolic materials have 
been tested and proved 
to give optimum heat 
resistance and strength 
performance, and excep- 
tional electrical and 
mechanical properties as 
well. Also available is 
data on new Trevarno 
chopped F-1 20 Phenolic 
material for molded 
parts for performance 
at 4,000°F. 


Trevarno 
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GLASS FABRICS 


COAST MANUFACTURING AND SUPPLY COMPANY 


® P. O. Box 71, Livermore, California 


B Please send me data on materials for the 
& temperature ranges | have checked below: 
160°F to 750°F oO 
800°F to 1500°F o 
1500°F to 5 to 10,000°F [] 
New chopped Phenolic oO 


Name. 


Company. 


Address 


City. State. 
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Olin Nichols 


e John M. Olin, chairman of the 
board and of the executive committee 
since the formation of the Olin Mathi- 
eson Chemical Corp. in 1954, has 
become chairn.an of the financial and 
operating policy committee, while 
retaining his position of chairman of 
the executive committee. Thomas S. 
Nichols, president of the corporation 
since 1954, has been named chairman 
of the board of directors and Stanley 
de J. Osborne will move up to the 
office of president. John W. Hanes, 


a company director and former chair- 
man of the finance committee, has 
reached retirement age but will serve 
as financial consultant and on the 
financial committee. 


Hanes 


_de J. Osborne 


e The Lockheed Georgia Div. of 
Lockheed Aircraft Co. has promoted 
Roy Mackenzie, former assistant 
manufacturing manager and co-devel- 
oper of the Unitwin airplane, to 
manufacturing manager; William B. 
Rieke, former production manager, 
to assistant manufacturing manager; 
and William A. Benson to assistant 
production manager. Ralph Osborn, 
former manufacturing manager, has 
moved up to the position of executive 
vice-president of Lockheed Aircraft 
Services, Inc. 

eW. R. Miller has organized the 
firm of Miller Associates, 742 South 
Hill St., Los Angeles, which will 
specialize as management consultants 
in industrial, electronic and technical 
executive procurement. Previously, 
Mr. Miller was vice-president in 
charge of manufacturing, Longren 
Aircraft Co., and has been with 
Rheem Manufacturing, Convair and 
TWA. 


e Jacob L. Zar has been appointed 
director of engineering of the Air- 


borne Accessories Corp. Prior to 
joining the company, he worked in 
the Guided Missiles Div., Republic 
Aviation Corp. 

e Specialities, Inc., has named Heinz 
Fornoff vice-president for engineering. 
Prior to this, Fornoff was department 
head of drone missile flight control, 
Sperry Gyroscope Div., Sperry Rand 


Corp. 


Zar Farnoff 


e Vernon I. Weihe, formerly technical 
assistant to the vice-president in 
charge of engineering at Melpar, 
Inc., has joined the Avionic Div., 
General Precision Lab., Inc., to direct 
the avionic systems planning activities 
from Washington. 


Bolton 


e James A. Bolton, former acting 
manager of the battery unit, Raleigh 
laboratory, American Machine and 
Foundry Co., has been promoted to 
manager of the laboratory, succeeding 
Haywood C. Smith, who has been 
appointed technical manager, research 
and development department, Engi- 
neering Div. 


Teree Lou 


e Baboo Ram Terte, chief engineer 
and manager of engineering and 
manufacturing, Greer Hydraulics, Inc., 
has been elected vice-president in 
charge of engineering and manu- 
facturing. 
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Flow-Suction Characteristics 
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Note: The slope of the flow suction can be increased 
to any value if desired. 


‘MINIATURE 
OXYGEN 
REGULATOR 


Ask the men who fly high and far 

why this new helmet or mask-mounted 

R-F regulator assures immunity from 

creeping fatigue. Fliers, above all, recognize ss 7 
the advantages of easier breathing with ¥ 
freedom from bulky hoses and fittings. is 


Up there, alertness, efficiency and safety 
are improved by the breath-giving 
advantages of this oxygen regulator. It is 
featherweight (1% oz.) and ultra-compact 
(1%” diameter x %”), with flat-flow 
suction characteristics, small lightweight 
hose and absence of sliding or pivoting parts. 
Additionally, the R-F oxygen regulator 
automatically passes to full pressure breathing, 
offers improved wearer visibility and 
arm mobility. Continuing function is a 
bail-out requisite. Minimizing wind-resisting 
encumbrances assures oxygen supply. 


ACTUAL SIZE 


An adaptation of this new automatic 
pressure-breathing demand regulator has 
been mounted in the standard A-13A mask. 
Solving your particular control problem 
in reliable oxygen and pressurization systems 
is our business. We welcome your inquiry. 


Request Technical Bulletin 226-1 


Outstanding facilities for the Research and 
Development of Specialized Control Devices. 


AERONAUTICAL DIVISION 


Futon 


1 CONTROLS COMPANY 
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e Seymour B. Cohen has been ap- 
pointed manager of the antenna 


systems laboratory, Stanford Re- 
search Institute. Dr. Cohen was 
formerly head of the microwave 


group. 

e Nils H. Lou, former works man- 
ager, Republic Aviation Corp., has 
joined Reynolds Metals Co. as man- 
ager of manufacturing, Parts Div. 

e Norman C. Anderson, manager of 
the Photoconductor-Transistor Div., 
Electronics Corp. of America, has 
been promoted to division vice-pre- 
sident. 

e Kellett Aircraft Corp. has named 
Robert P. Williams Jr. its Washing- 
ton representative. He was formerly 
head of Rheem Manufacturing Co.’s 
Washington office. 

e James A. Broadston has been named 
manager of the newly formed Rocket- 
dyne Service Div., which will provide 
logistic support to users of Rocketdyne 
engines. Mr Broadston was formerly 
manager of Rockdyne’s propulsion field 
laboratory at Santa Susana, Calif. 


HONORS 


eH. Julian Allen, chief, High-Speed 
Research Div., Ames Aeronautical 
Laboratory, last month received the 
NACA’s highest honor, the Dis- 


tinguished Service Medal, for his 
work on ballistic missile nose cones. 
‘Mr. Allen was honored for his dis- 
covery five years ago that a blunt nose 
cone would be more effective than a 
sharp-nosed cone in dissipating heat 
energy developed upon re-entry into 
the earth’s atmosphere. 

e Thirty new members have been 
elected to the National Academy of 
Science, including Hendrik W. Bode, 
director of research in_ physical 
sciences, Bell Telephone Labora- 
tories; Charles S. Draper, professor 
of aeronautical engineering, MIT; 
Jesse L. Greenstein, staff member, 
Mount Wilson and Palomar Observa- 
tories; Joseph Kaplan, professor of 
physics, University of California and 
chairman, USNC—IGY; Howard 
J. Lucas, emeritus professor of chem- 
istry, California Institute of Technol- 
ogy; Jerrold R. Zacharias, professor 
of physics, MIT. 

e Willis M. Hawkins, assistant 
general manager of Lockheed Missile 
Systems Div., has been appointed a 
member of the U. 8. Army Scientific 


Advisory Panel which advises the 
Secretary of the Army, Chief of 
Staff and Chief of Research and 


Development on scientific and related 
matters. 


e Harry F. Guggenheim, president 
of the Daniel and Florence Guggen- 
heim Foundation, has received the 
Laura Taber Barbour Award, created 
to recognize notable achievements in 
the promotion of safety in air flight. 

e Alan T. Waterman, director of the 
National Science Foundation, has 
been awarded the first annual Conrad 
Award, established by the Office of 
Naval Research, for his work as a 
leader in the development of ONR 
in government-science relationships 
which resulted in an expansion of 
scientific support by other government 
agencies. 


DEATHS 


e Oscar P. Hass, director of flight 
operation, Republic Aviation Corp., 
died recently. He was one of the 
nation’s top test pilots. 

e John Jay Hopkins, chairman of 
the board of General Dynamics Corp., 
which built the USS Nautilus, died 
last month. He was also chairman 
of the board and managing director 


of Canadair, Ltd., a General 
Dynamics subsidiary, as well as 
organizer of the General Atomic 


Div. of the company. 


nd its alloys to the ferrous metals. 
is new casting process can solve your 
roblems involving heat transfer, 


aring surfaces, etc. 


Write Today for 
ALUMIBOND Brochure 


May be Your Answe 
UMIBOND moleculoriy bonds ALUMINUM 


ing, weight saving, oxidation resistance, 


Arthur Tickle Engineering Works, Inc. 
21-O Delevan Street 
Brooklyn 31, N. Y. 


Please send ALUMIBOND Brochure to: 


and Complete inne 
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LINEAR 


POSITION 


Case Length: 
1 ” 


For conversion of linear motion or 
position into an electrical output for 
remote indication, recording, and 
control. The instrument is of the var- 
iable inductance type and provides 
precise measurements under ex- 
tremes of acceleration as well as un- 
der static conditions. All electrical 
components are rigidly embedded in 
the case, permitting operation un- 
der shock and vibration conditions. 


MODEL LP-1 SPECIFICATIONS: 
Range of Motion:....- Y2 in. to + 2 ins. 
Excitation Frequency : From | 60 to 20,000 cps 

WRITE FOR BULLETIN NO. JP-1 
Northam Engineering Facilities Are Available 
To Assist You With Any Application Problems. 
NORTHAM PRODUCTS PNCLUDE... 


Transducers for pressure, acceleration and 
displacement measurement and auxiliary 
electronic equip t for | systems. 


NORTH AMERICAN INSTRUMENTS, INC. 


2420 North Lake Avenue © Altadena, Calif. 
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Thermal shock-resistant ceramic body 
(2,785,080). Floyd A. Hummel, State 
College, Pa., assignor to The Carborun- 
dum Co. 

Body made by forming finely divided 

particles of LigCO;, and SiOz which 
yield upon firing a crystalline structure 
composed of LixO, AlsO; and SiO» in the 
range of 1:1:2 to 1:1:10 of solid oxides, 
and sintering the body at a temperature 
between about 1000 C and the liquidus 
temperature of the mass between 1300 and 
1450 C. 
Apparatus for utilizing the earth’s mag- 
netic field to indicate aircraft velocity 
(2,785,376). Alan MHazeltine, Maple- 
wood, N. J., assignor to Hazeltine Re- 
search, Ine. 

Conductor elements are rotated about a 
horizontal axis for periodically reversing 
the polarity of the voltage along the ele- 
ments as they are moved through the 
earth’s magnetic field. Alternately, sig- 
nals of maximum and minimum magnitude 
are jointly representative of the true 
ground velocity of the aircraft. 


Plural annular coaxial combustion cham- 
bers (2,787,120). Rene Leduc, Argenteuil, 
France. 

Frustoconic blades in an annular duct, 
of a diameter which decreases at a greater 
rate at the smaller end of the duct than 
the diameter of the blades in the larger 
end of the duct. The annular passages 
contain a plurality of combustion means. 
Gun installation in jet aircraft (2,787,194). 
Paul F. Peterson, Palos Verdes Estates, 
Calif., assignor to North American Avia- 
tion, Ine. 

A baffle spaced forwardly of the gun 
sufficiently to encounter expanding dis- 
charge gases from the gun, dete the 
gases away from the engine air inlet. 


2,787,218 


Aircraft (2,787,218). A. Anthony, Farn- 
ham, England, assignor to the Govern- 
ment of Great Britain. 

Device to jettison booster propulsion 
elements from aircraft, comprising a 
rangible bolt securing an anchoring 
member to the aircraft body. 


Device for varying a jet engine orifice 


(2,788,635). Frederick A. Ford Jr., 
Whittier, Calif., assignor to North Ameri- 
can Aviation, Inc. 

A collapsible wedge vertically mounted 

in the nozzle throat and adapted for move- 
ment so as to vary its angle. Movement 
of the wedge inversely varies the cross- 
sectional area of the throat. 
Locking arrangement for singly and se- 
quentially releasing ballistic missiles 
(2,788,712). Nils-Erik Gustaf Kuller and 
Karl-John Thorild, Bofors, Sweden, as- 
signors to Aktiebolaget Bofors Corp. 

A cluster suspended from the structure 
of an aircraft in which all the missiles are 
joined slidably relative to each other. 
Each missile co-acts with the locking 
member of the next higher missile to re- 
tain the member in locked position, the 
locking member of the lowermost missile 
being free to move into its release position. © 
Tail cone (2,788,803). 
San Diego, Calif., assignor to Solar Air- 
craft Co. 

Metal pressings providing in one piece a 

part of the annular wall which connects an 
adjacent pair of struts extending out- 
wardly across the fluid passage. Integral 
joints interconnect the pressings. 
Cooling of turbine rotors (2,788,951). 
John A. Flint, Farnborough, England, 
assignor to Power Jets (Research and De- 
velopment) Ltd. 

Three-stage axial flow gas turbine with 

a hollow driving shaft through which 
coolant fluid is directed to the chambers in 
the middle of the successive series of 
separate chambers. 
Wind tunnel force and moment measur- 
ing device (2,785,569). Nairn L. Miller, 
Ogdensburg, N. Y., assignor to North 
American Aviation, Inc. 

A balance housed within a hollow test 

body and supporting a sting for measuring 
aerodynamic forces. Means outside the 
body indicate the forces acting on the 
balance. 
Pressure responsive indicating means 
(2,785,570). Carlyle A. Mounteer, Con- 
stant J. Chrones, Joseph F. Manildi and 
Walter I. Shevell, South Pasadena, Calif., 
assignors to G. M, Giannini & Co. 

Fluid under static pressure is supplied to 
the exterior of two pressure-responsive 
capsules, and fluid under stagnation pres- 
sure is supplied to the interior of one cap- 
sule, the other being hermetically sealed. 
The capsules react to move an electrical 
switch, developing a signal in response to a 
predetermined Mach number, and acting 
in the other switch position to develop a 
predetermined constant signal. 

Fluid pressurizing apparatus (2,785,634)- 
John T. Marshall and Chas. O. Weisen- 


Joseph R. Greene, © 


George F. McLaughlin, Contributor 


bach, South Bend, Ind., assignors to Ben- 
dix Aviation Corp. 

A turbine pump and a centrifugal pump 

are mounted on an engine-driven shaft. 
The turbine pump outlet is connected to 
the centrifugal pump inlet. A valve in a 
by-pass connecting the turbine pump inlet 
and outlet limits turbine pump discharge 
pressure. A fan, carried by the main 
shaft, cools the bearings supporting the 
shaft. 
Tank submerged air-driven fuel pumping 
system (2,785,635). Thomas W. John- 
son, Westfield, N. J., assignor to Bendix 
Aviation Corp. 

System for supplying fuel at a proper 
pressure to a jet engine. Connected 
centrifugal pump stages, including an 
initial pump fuel and vapor separator 
stage, pump the fuel to the succeeding 
stages. 

Monitoring cable release mechanism 
(2,786,393). David D. Grimes, Silver 
Spring, Md., assignor to the U.S. Navy. 

Support line and release for a missile 
monitoring cable. An umbilical plug or 
connector, when released, acts to unlatch 
a pair of latches, permitting the cable to 
fall clear of the missile. 


Ne 


Propellant supply systems for jet reaction 
motors (2,785,532). W. Kretschmer, 
Southcourt, Aylesbury, England, assignor 
to the Government of Great Britain. 

Oxidant in the form of hydrogen per- 
oxide is fed under pressure to a steam 
generator supplying one or more turbines 
driving pumps for fuel and oxidant. 
For full thrust running, the oxidant is fed 
via a second open valve to the generator. 
Breakaway suspension band (2,786,392). 
Herman Joseph Niedling, Avondale, Md., 
assignor to the U.S. Navy. 

Apparatus for suspending and launch- 
ing a missile from an aircraft bomb rack. 
A flexible tensioned band encircles the 
missile with a suspension member fixed to 
the upper free ends, and in lapped relation- 
ship. Tension in the band effects separa- 
tion of the suspension members when the 
members are released from the confront- 
ing faces of an open notch on the rack. 
Process of fabricating blades for turbines, 
compressors and the like (2,787,049). 
Edward A. Stalker, Bay City, Mich., as- 
signor to The Stalker Development Co. 

Method of placing a splined stem part 
in close relation with the lower wall of the 
blade sheet metal skin with the stem 
splines bearing on the inner surface of the 
wall. The skin is folded about the leading 
edge of the blade, and the parts are bonded 
together. 


Epirors Note: Patents listed above were selected from the Official Gazette of the U. S. Patent Office. Printed copies of ol 


may be obtained from the Commissioner of Patents, Washington 25, D. C., at a cost of 25 cents each; design patents, 10 cents. 
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MODELS PL80 
AND PM80 


Differential 


Pressure 
| | 
FOR 


Rocket Engine Stands 
Hydraulic System Tests 
Nuclear Reactors 


the flow of liquids and 
gases is being measured by 
connecting Model PL80 and 
Model PM80 pressure trans- 
ducers across an orifice. 


Ranges 
+1 to +3000 psid and 0-1 to 0-3000 psid 


Line Pressure Rating 
5000 psig 
Pressure Media 
Fluids not corrosive to 
Types 303 and 347 stainless steel 
Transduction 
Resistive, Statham unbonded strain gage 


For additional data, please request 
Bulletin Nos. PL80TC and PM80TC 


LABORATORIES 


12401 W. Olympic Bivd., Los Angeles 64, Calif. 


Equipment 


Electrical, Electronic 


Corrosion-Resistant Switches. A new 
line of Z1AS series precision switches resist 
the corrosive effects of many rocket pro- 
pulsion gases and the adverse conditions 
found in exposed locations of high speed, 
high altitude aircraft. Micro Switch 
Div., Minneapolis-Honeywell Regulator 
Co., Freeport, III. 

Missile Power Supply. Cal-Tronics 
missile unit furnishes power to a missile 
prior to release. It plugs into the aircraft 
system and modifies the electrical power 
to proper requirements. A plastic lock- 
foam solidifies the unit in a metal container 
to withstand vibration or shock. Cal- 
Tronics Corp., 2211 Michigan Ave., Santa 
Monica, Calif. 

Power Absorber. In use in the Red- 
stone and Snark missiles programs, the 
Sun electric power absorber requires only 
3 cu ft of space. It operates at 13,500 w 
continuous duty and weighs 1 lb per kw 
absorbed. Sun Electric Corp., 6701 S. 
Sepulveda Blvd., Los Angeles, Calif. 

Subminiature Terminals. Smallest in- 
sulated terminals are claimed by Sealectro 
for its press-fit Teflon stand-offs and feed- 
thrus. They require no threads, nuts, 
washers, lockwashers nor seals, and with- 
stand severest service requirements of 
guided missiles. Sealectro Corp., 610 
Fayette Ave., Mamaroneck, N. Y. 

Recording Oscilloscope. ETC model 
H-42B triggers events and records opera- 
tional phenomena of various types at as 
many as four different points concurrently. 
In guided missile and other ballistics re- 
search, it is used for stress and strain anal- 
ysis, resonance studies, studies of im- 
pact and vibration, and similar applica- 
tions. Electronic Tube Corp., 1200 E. 
Mermaid Lane, Philadelphia 18, Pa. 


400-mc Receiver. A rugged receiver 
developed by Bell for use in missile and 
guidance systems weighs 10 |b and is 
equally efficient as a radio-controlled 
receiver or as a ground communications 
receiver. ieade assemblies extend the 
range to 500 me. Bell Aircraft Corp., 
P. O. Box 1, Buffalo 5, N. Y. 

Valve Actuator. Electro-pneumatic 
valve actuators, designed to operate at 
variable duct pressures up to 300 Ib, are 
used to control the air conditioning of jet 
aircraft cabins. Range is from —75 to 
1000 F. Vapor Heating Corp., Dept. 
_ 80 E. Jackson Blvd., Chicago 4, 
Il. 


Magnetic Shift Registers. Individual 


assemblies for custom fabrication of mag- 


net shift registers are produced in two 
types—MRC-10 (5-winding) with printed 
circuit base, and MRC-9 (4-winding) for 
use in 9-pin miniature sockets. Applica- 
tions include computer storage, communi- 
cation coding, data processing, time syn- 
chronizing and gating. Magnetics Re- 
search Co., 255 Grove St., White Plains, 
N.Y 

Surface Temperature Transducer. 
About the size of a postage stamp, the En- 
gelhard transducer has a high thermal mass 
because of the platinum wire grid design, 
and can follow rapid temperature tran- 
sients. Developed originally for use on 
guided missiles, it can be attached to any 
surface with dielectric cement. Chas. 
Engelhard, Inc., 850 Passaic Ave., East 
Newark, N. J. 


Mechanical 


Highway Transport Unit. Liquid oxy- 


gen and nitrogen units for over-the-road 
use are in production in sizes from 500 to 


3500 gal, built to ASME and ICC specifi- 
cations. Hofman Laboratories, 219-221 
Emmet St., Newark, N. J 

Shut-Off Valve. High performance 
valves for airborne use handle gases and 
liquids at low temperature (—320 F) and 
high pressure (3000 psi). Operating times 
from 3 to 5 sec are available in sizes from 
+ to 3 in. Hydromatics, Inc., Cedar 
Grove, N. J 

Hydraulic Pump. Use of 66W Strato- 
power hydraulic pump permits utilizing 
systems of 5000 psi. The pump has been 
used for years of flight on many types of 
missiles, and has operated for 1000 hours 
of cycling endurance at maximum capac- 
ity. Watertown Div., N. Y. Air Brake 
Co., Watertown, N. Y. 

Reducing Regulator. Developed for 
applications in missiles where regulated 
pressure is a prime requirement, the 
Val-Aero low pressure regulator is adjust- 
able from 20 to 40 psi and accurate to 
better than 5 psi. Val-Aero Div., Darco 
Industries, Inc., 2151 E. Rosecrans Ave., 
El Segundo, Calif. 

Test : 

Missile Temperature Probe. Models 
T-1305 and T-1004 can be boom or strut 
mounted. Choice of resistance, thermis- 
tor or thermocouple elements. Range 
up to 1000 F with thermistor and to 
2800 F with thermocouple.. Aero Re- 
search Instrument Co., 315 N. Aberdeen 
St., Chicago 7, Il. 

Ballistic Missile’ Computer. 101 
System is completely transistorized ana- 
log computer for Glenn L. Martin ballistic 
missile system. Beckman Instruments, 
2500 Fullerton Road, Fullerton, Calif. 

Oscillograph. Model M-133 pen motor 
is designed for multichannel work. Di- 
rect inking. Response is flat from de to 
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EXPERIMENTAL WORK 
NO JOB TOO TOUGH 


SOLID PROPELLANT POWER PLANTS 
THIN OR HEAVY WALLED 
Airs PRECISION MACHINED NOZZLES 
& MOTOR CASES ALSO 
‘LIQUID PROPELLANT MOTOR COMPONENTS , 


MOCK UP OR COMPLETE 
MODELS 


A DIVERSIFIED, EXPERIENCED 
ORGANIZATION GEARED TO MOVE QUICKLY 
JON YOUR PRELIMINARY PRODUCTION 
PROBLEMS; ONE ABLE TO ABSORB YOUR 
_ HIGH PRESSURE SPHERES EXPERIENCED ENGINEERING CHANGES AND PUT 


IN ALL MATERIALS X4130 
HEAT TREATED, STAINLESS, THEM INTO EFFECT WITHOUT DELAY. | 
ALUMINUM ALLOY, INCONEL X ETC. 7 A LETTER OR PHONE CALL WILL BRING 7 
OUR REPRESENTATIVE 


 EXCELCO DEVELOPMENTS INC. 
SILVER CREEK, NEW YORK ; 
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_ A new arming solenoid, qualified to 
_ MIL specifications has been tested 
at altitudes to 115,000 ft. Designed 
_ specifically for arming of a missile 
on a very high performance fighter, 

the solenoid can be adapted to other 

applications. The compact unit 
_ weighs only 11 oz., has a normal 
power drain of 0.7 amps and oper- 
ates at down to 18 volts. At —65° F 
and 29 vde power drain is only 1 
amp. Operating temperature range 
+250° to —65° F. 


While specifications required testing 
to a lesser altitude, the solenoid was 
tested at 100,000’ and 115,000’. At 
100,000’ altitude 700 RMS 60 cycle 
current was applied between wind- 
ing and case for more than a minute. 
There was no corona discharge, arc- 
ing or shorting. At 115,000 feet the 
test was repeated with voltage being 
increased at a rate of 25 volts/sec- 
ond. At 825 volts a corona appeared 
suddenly. Apparently based on elec- 
tron emission there was no sharply 
defined path of high conductance. 
Subsequent retesting of the identical 
unit showed no damage resulted 
the 115,000’ test. 


For further information on this 
high altitude solenoid write to: 


STRATOS 


A DIVISION OF FAIRCHILD 


ENGINE AND AIRPLANE CORPORATION 


Western Branch: i800 Rosecrans Ave., 
Manhattan Beach, California. 


730 


Tape Turns Out Missile Parts 


Automation arrived in the airframe 
production field last month when Bendix 
Aircraft Co. unveiled a three-dimen- 
sional ‘profile’ milling machine 
operated by a punched-tape control sys- 
tem. 

The manufacturing operation, built 
specially for The Martin Co. to turn out 
parts for the Matador missile and the 
four-jet seaplane SeaMaster, first tran- 
scribes (by electronic computer) blue- 
print data onto a control tape. The tape 
is then played into a 50-ton milling 
machine which cuts the structural part 
to the desired dimensions. 

A similar process, also known as 
“numerically controlled milling,’ has 
been used by Bendix in mass production 
of a small cam for jet fuel metering de- 
vices. The new development extends 
the tape control principle, reportedly 


KEARNEY 
MILWAUE 


for the first time in this country, to large 
milling machines capable of turning out 
a whole aircraft wing section. 

Bendix and Martin claim the auto- 
matic system will substantially reduce 
“lead time’’ in the production of missile 
and aircraft components by eliminating 
many weeks of tool-setup and_tool- 
change time. Hand-made shaping tools, 
patterns, templates, models and many 
parts of the prototype are not needed. 

Martin’s decision to get into numeri- 
cally controlled milling was based, the 
company reports, on present trends 
toward greater use of machined forgings, 
castings and extrusions in airframe 
manufacturing. 

Bendix says this is the first such mill- 
ing arrangement wherein the milling 
machine was designed specially for 
numerical control. 


Technician monitors numerically controlled milling of a structural part for Martin missile. 


60 cps. Massa Laboratories, 5 Fottler 
Road, Hingham, Mass. 


Accelerometer Systems. Gilennite AD 
series high temperature systems for test- 
ing shock and vibration will operate under 
environmental conditions encountered in 
missile applications. Units are designed 
for continuous operation at temperatures 
up to 450 F with no temperature compen- 
sation and no external cooling required. 
Gulton Industries, Inc., 212 Durham Ave., 
Metuchen, N. J. 


Target Tracking. Aeromarker is used 
to visually track targets, missiles, drones or 
aircraft at high speeds and altitudes rang- 
ing beyond 60,000 ft. It emits a flash of 
light and a smoke puff which is radar 
reflective, and, undér some conditions, 
attractive to infrared seekers. A_ fixed 
type unit may be mounted in the missile 
or aircraft structure, across the diameter 
of the missile, in wing pods, faired sections 
or attached to bomb or camera pylons. 
Aerojet-General Corp., Azusa, Calif. 

Temperature Recorder. The Avien 
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BY THESE THREE FEATURES... 
1% Linearity Rectangular Permanent 


TECHNIQUES end DEVELOPMENTS 


in oscillographic recording 


+4 esis 
H 
“en 
4 


RECORDING METHOD USED IN SANBORN DIRECT 
WRITERS, AND A REVIEW OF THEORETICAL AND 
ACTUAL ERROR FACTORS 


Figure 1 shows the basic scheme by which Sanborn 
oscillographic recording galvanometers produce graphic 
records of electrical signal values. If the rapid deflection 
action of the heated ribbon tip stylus is visualized when 
current flows in the coil, it can be seen that a straight line 
at right angles to the chart length is recorded on the chart, 
at the point where the chart is drawn over a knife edge. 
The trace, therefore, is a true rectangular co-ordinate graph. 


Since this is essentially a process of expressing coil 
(or stylus) deflection angles in terms of distances on a chart, 
the trigonometry of the situation (Fig. 2) must be examined 
to ascertain the accuracy of the method. Initially, and 
when @ is small, the tangent and the angle are almost equal 
numerically. The expression D = R tan @ can, therefore, 
be rewritten D = R@ (approx.). To the extent this latter 
expression is true, deflection distances (rather than deflection 


angles) are an accurate 
FIG. 2 


-measure of signal val- 
ues. But to determine 


the extent of error re- 
‘sulting from using this 
approximation, the fol- 
: lowing data have been 
calculated*, using a 
chart width of 25 mm 
either side of zero (““D”’ 
in Fig. 2) and effective 


y/ stylus length of 100 
\ mm (“R”’ in Fig. 2) in 


the series expansion 
for the tangent func- 


FIG.4 


RECOGNIZE A “150"" RECORD 


Coordinates Inkless Traces 


« « resulting from 
use of current feed- 
back Driver Ampli- 
fier in each channel, 
high torque galva- 
nometers of new 
shorted coil frame 


+ save analysis made by hot 
time, simplify inter- nichrome ribbon tip 
pretation and cor- of stylus on heat- 
relation of multi- sensitive Sanborn 
channel records. No Permapaper. Clear, 


* The mathematics involved here, as well as a discussion of fized length stylii, design parameters affecting over-all 
coal galvanometer performance, etc., are contained in an article by Dr. Arthur Miller “‘Sanborn Recording Galoanom 
elers’’, published in the May 1956 Sanborn RIGHT ANGLE. Copies are available on request. 


tion. Error as a function of deflection then becomes: 


Theoretical Corrected Corrected 


D mms Radians Error € Error 5 Error in mms 
10 10 .0033 0 0 
15 AS .0075 .004 06 
20 .0133 .010 -20 
25 25 .0209 018 45 


When the recording system is calibrated, that calibra- 
tion is often made on the basis of a one centimeter deflection 
from the chart center, or by means of a two centimeter de- 
flection starting one centimeter below chart center and 
finishing one centimeter above chart center. In either case 
the deflection at one centimeter from chart center is accepted 
as the standard, and, therefore, is without error. The fore- 
going table can therefore be corrected by subtracting .0033 
from each of the error terms to show the error, 5, to be 
expected in actual use. The final column in the table shows 
this error in mms. 


Since the active length of the stylus increases as 6 
increases, deflection D increases more rapidly than @. All 
positive error terms in the series expansion bear this out, but 
the error terms would occur as predicted only if the galva- 
nometer produced deflections exactly proportional to coil 
currents (that is, ideal spring properties in the torsion rods 
and uniformity of magnetic field). Pole tips in Sanborn 
galvanometers are proportioned so that in maximum deflec- 
tions, galvanometer sensitivity decreases slightly, the com- 
pensation resulting in actual linearity better than that 
predicted in the table. 


Call on Sanborn engineers for 
help with your oscillographic re- 
cording application in the 0-100 
cycle range. Descriptive liter- 
ature is also available on 
request, providing data on 
Sanborn 1|-, 2-, 4-, 6- and 


8-channel Systems, 
choice of 12 inter- 


changeable plug- 
in Preamplifiers, 


Separate ard Sup- 


plementary Instru- 


design. Coil current 
of 10 ma develops 
200,000 dyne cm 
torque, sensitivity is 


10 ma/cm defiec- 
tion, 


waveform curvature, 
negative time lines, 
etc, 


smudge-proof 
traces that clearly 
reveal minute sig- 
nal changes. 


ments. 


SANBORN 
COMPANY 
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_ A. W. HAYDON COMPANY 
offers a COMPLETE LINE of .... 


¢® for military and industrial applications. Illus- 
e trated are some of these units . . . any can be 
modified to meet your specific requirements if the 
basic design is not adequate. 


* STANDARD na CUSTOM DESIGNED = 
TIMING MOTORS ons DEVICES! 


ADJUSTABLE 


Shown below is the new . 
catalog of The A. W. Haydon 
Company describing all of © Long a pioneer in the timing field, The 


the basic types of units 4 ” 
available and many of the A. W. Haydon Company is prepared to assist 


“ ials”’. in thi 
25 ete oe you in solving your timing and control 

Ograpns mers, 
qunslenal Grewingn, and 50 problems. When a solution to your problem 
charts and diagrams. This « has been reached, The A. W. Haydon Company 
is prepared to follow through with production 


geared to meet your requirements 
whether a basic timing unit or a highly 
specialized device is required. 


“A.W-HAYDON 


248 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electro-Mechanical Timing Devices 


TTR (time-temperature recorder), an 
overtemperature recorder for jet engines, 
monitors any single, group or range of 
engine temperatures against permissible 
duration time specified by the engine 
manufacturer. The system monitors criti- 
cal temperatures within +0.5 per cent, and 
detects and logs as little as 1 sec of over- 
Avien, Inec., Woodside, N.Y. 


Midget Tape Recorder. Missile data 
are automatically recorded by the model 
600 automatic record-playback system 
for data acquisition during flight. All 
recording and playback electronics are on 
plug-in printed cards. Minneapolis- 
Honeywell Regulator Co., Davies Labora- 
tories Div., 10721 Hanna St., Beltsville, 
Md. 


Product Literature 


Flame Plating. Booklet gives case 
histories of applying tungsten carbide 
coatings to metals. Linde Air Products 
Co., 30 E. 42 St., New York 17, N. Y. 

Thermopiles. Brochure describes models 
for conversion of infrared into electrical 
energy suitable for amplification and 
measurement. Jarrell-Ash Co., 26 Far- 
well St., Newtonville 60, Mass. 

Tungsten Carbide. Sheet gives work- 
ability, physical and chemical properties 
of Kennametal Grade K501 composition 
with platinum binder. Kennametal Inc., 
Latrobe, Pa. 

Magnesium & Titanium. Design dats 
are given in 44-page booklet. Data 
covers properties, specifications, forming, 
ete. Brooks & Perkins, 1950 W. Fort 

t., Detroit 16, Mich. 

Adhesive Bonding. Booklet illustrates 
bonding process for missiles and electron- 
ics industries. Metal Bonding ree 1511 
Colorado Blvd., Santa Monica, Calif. 

Photoconductors. New bulletin pre- 
sents tech specs of infrared sensitive lead 
sulfide cells for detection and guidance 
systems. Electronics Corp. of America, 
Photoconductor-Transistor Div., 1 Mem- 
orial Drive, Cambridge 42, Mass. 

Rocket-Powered Test Systems. 
page brochure outlines use of rocket sleds 
for missile research and development. 
Hunter-Bristol Corp., Bristol, Pa 

Silicones. Illustrated catalog CDS-97 
discusses over 115 applications for sili- 
cones. Silicone Products Dept., General 
Klectric Co., Waterford, N. Y. 

Servo Motors. Bulletin 385 offers in- 
formation on standafd and custom servo 
motors. Norden-Ketay Corp., Commerce 
Road, Stamford, Conn. 

Environmental Simulation. Brochure 
illustrates various custom test equipment 
including chambers for Vanguard third- 
stage rocket. Mantee Inc., 126 Mary- 


land St., El Segundo, Calif. 


JET PROPULSION 


Wa) 
= | 
2a ee DIRECT CURRENT e 400 CYCLE GOVERNED 
» 
- 
cs 


7 . good sealing begins 


here, too! 


When the problem of sealing is a part of design thinking the w hole design is bound to 
signs require sealing 


be better. This is especially true of no-leakage sealing. When your de 


-». from —400° to +1000°... why not call in one of our field men. One of the 
“O-seal” family*, may be the answer to save you time, money and effort. 


—the O-Seal oS 


lock-O-Seal® 

Gask-O-Seal ® 

©) FRANKLIN C. WOLFE Co. 

Riv-O-Seal ” A DIVISION OF PARKER APPLIANCE COMPANY 
“sealing design specialist” 


Banj-O- Seal ® 
Termin-O-Seal ” 
Culver City, California 
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iiss Methods, by A. D. Booth, 
Butterworths Scientific Publications, 
London, 1956, vii + 195 pp. $6. 


North American Aviation, Inc. _ 


This book is addressed primarily to 
those who wish to become proficient in the 
art of programming automatic calculators. 
While one must have a thorough knowl- 
edge of the underlying mathematics to 
become adept at the art, the actual details 
of calculation are carried out automatically 
by machine. Since this is the case, the 
author judiciously avoids freighting his 
book with an involved presentation of such 
calculations—unlike most others who have 
written in this field. Mr. Booth’s ap- 
proach to his subject is straightforward, 
and in relatively few pages he covers a 
wide range of subjects. 

There are three chapters of an introduc- 
tory nature: One covering the subject’s 
background, another on methods of con- 
structing tables, and a third on methods of 
interpolation. Following these, the au- 
thor proceeds to methods available for 
numerical operations with series, numeri- 
cal differentiation and integration. He 
then treats numerical solution of ordinary 
and partial differential equations, systems 
of linear and nonlinear algebraic equations, 


Reviewed by Patrick BENSON rit 


Bulent Cambel, Northwestern University, Associate Editor 


equations. Chapters are also 
included on approximating functions and 
the numerical work involved in problems 
of Fourier analysis and synthesis. 

The author shows an excellent under- 


_ standing of modern problems in engineering 


and physics in his choice of topics within 
these subjects. Indicative of this is his 
chapter on Fourier analysis which is con- 
cerned largely with problems arising from 
its application in x-ray crystallography. 
Further, Mr. Booth uses recently developed 
methods in treating these modern prob- 
lems. Among them are descent methods 
for the solution of linear algebraic equa- 
tions, Monte Carlo methods for deter- 
mining the elements of an inverse matrix, 
and the relaxation method as applied to 
the solution of equations involving the 
Laplace operator. 

There are certain criticisms that can be 
leveled against the book. Exercise prob- 
lems are totally lacking and relatively few 
problem examples are given in worked-out 
form. These few, however, are well done, 
and the examples relating to the solution 
of partial differential equations and inte- 
gral equations are particularly timely. 
This lack of worked-out problems would 
remain a weakness even in a textbook writ- 
ten exclusively for the graduate-level 
student. Furthermore, certain chapters 


could have been expanded very profitably, 
e.g., the chapter on approximating func- 
tions. 

Speaking generally, Mr. Booth has suc- 
ceeded in his primary aim—in fact, ex- 
ceeded it. He has also supplied us with 
what can be considered the first edition of a 
handy reference book for the practical 
mathematician on numerical methods. 


A Textbook of Sound, by A. B. Wood, 3rd 
edit., Macmillan Co., New York, 1955, 
xvi+ 610 pp. $6.75. 

Reviewed by ELttswortu A. Brown Jr. 

Northwestern University 


This is a comprehensive book on sound 
including vibrations of all frequencies 
audible and otherwise. The book not only 
includes the time-honored topics and 
treatments but also much of the modern 
theory and applications of sound. 

The purpose of the book as stated by 
the author in the preface is: ‘I have en- 
deavoured to write the book in a manner 
suited to the requirements of university 
students, but it is hoped that it may also 
prove of some value to those interested in 
the more technical, or applied, aspects of 
the subject. For those requiring further 
information a plentiful supply of references 
to original papers is provided.”’ 


OF GASES 


“PAT. PEND.” 


HI-LO FLOWS 


DEHYDRATION 


HI-LO PRESSURES 


New Leakproof Design—Chambers and 
Cartridges “O” Ring sealed, no possibility 
of gas bypassing the cartridge. 


/ No tools required to change cartridge or 
Mechanical Filter Element for cleaning. 


1 Stainless Steel 
Ball and Race 


2 Chrome Alloy 


ANALYSIS 


3 Bronze Race and 
Chrome Moly Steel Ball 


Steel Ball and Race 


“MONOBALL”’ 


Self-Aligning Bearings 


RECOMMENDED USE 


For types operating under high temper. 
ature (800-1200 degrees F.). 


{ For types operating under high radial 
ultimate loads (3000-893,000 Ibs.). 


{ For types operating under normal loads 
with minimum friction requirements. 


+/ Manual or Automatic Units. Portable, sta- 


tionary or airborne installations. 


WRITE FOR 
BULLETIN 
AVIATION 


LOS ANGELES 47, CALIF. 


Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
similar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, varicus steel alloys 
have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. Dept. JP-57. 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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The book is arranged in five sections: I, 
Theory of Vibrations; II, Vibrating Sys- 
tems and Sources of Sound; III, Trans- 
mission of Sound; IV, Reception, Trans- 
formation, and Measurement of Sound 
Energy; and V, Technical Applications. 

The book discusses sound in gases, liq- 
uids and solids. It discusses sound gener- 
ation, detection and measurement by me- 
chanical, optical and electrical techniques. 
In particular, the author is to be com- 
mended for pointing out and carrying 
through the close relationship between me- 
chanical and electrical oscillating systems. 

The author has made a concerted effort 
‘0 at least touch on all the topics which are 
related to sound. Unfortunately, the dis- 
‘ussion of many of these topics is too brief. 
Further, there is a lack of up to date ref- 
erences on such topics. 

The author’s coverage of the classical 
opics of sound is more than adequate. 
rhis along with the wealth of information 
m the application and the role of the 
heory of sound on present-day subjects 
nakes this book a useful addition to the 
library of the research worker who comes 
in contact with problems of sound and 
acoustics. 


Book Notices 


Weather Analysis and Forecasting, vol. 
II, by Sverre Petterssen, McGraw-Hill, 
New York, 1956, 266 pp. %6. The 
second of a two-volume text on weather. 
In the first volume the emphasis is on the 
dynamics of atmospheric processes. In 
the second volume the emphasis is on the 
thermodynamics of atmospheric proc- 
esses. Methods of predicting clouds and 
weather are presented and new techniques 
involving computing machines and statis- 
tical methods are discussed. 

ee Equilibrium Data, by J. C. 
Chu, S. Wang, S. L. Levy, R. Paul; 
J. W. Retotrg Publisher, Ann Arbor, 
1956, 754 pp. $9. A compilation of articles 
on vapor-liquid equilibrium data of 466 sys- 
tems from 274 references up to June 1954. 
The data are presented in terms of mole 
percentage and are tabulated with tem- 
perature and pressure. 

Aircraft Today, Edited by J. W. R. 
Taylor, Philosophical Library, New York, 
1955, 96 pp. $4.75. A collection of 
aircraft, illustrated with photographs and 
drawings. Aimed at the layman, it in- 
cludes material of interst to men in the 
field as well. 

An Introduction to Matrix Methods in 
Theoretical and Applied Mechanics, by 
8S. F. Borg, J. W. Edwards, Publisher, 
Ann Arbor, Mich., 1956, 202 pp. $4.75. 
This volume is intended as a textbook 
for students of engineering and applied 
physics. The material is treated con- 
cisely, from the viewpoint of the engineer, 
not the mathematician. After an intro- 
duction to the algebra and property of 
matrices, applications to elasticity, plas- 
ticity, fluid flow and dimensional analysis 
are discussed. This text should serve 
as a fine introduction to mathematical 
techniques which are imperative to the 
engineer who wishes to undertake modern 
engineering research. 


Abacs or Nomograms, by A. Giet, 
translated by J. W. Head and H. D. 
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Tf yowre looking for reliability . - 
look for this tube of TEFLON” 


Hs the only hose assembly with 
patented tube of Teflon. It is com- 
pletely inert to nitric acid, JP-X, hydro- 
gen peroxide, and LOX propellants. Non 
aging, it has indefinite storage life. 


Fluoroflex®-T (Teflon) hose assemblies are rated for 
—65°F to +450°F continuous operation. They incorpo- 
rate stainless steel fittings, and are also available in — 
combination with bent tube configurations to meet your 
most critical specific requirements. For missile launch- — 


ing installations, Fluoroflex-T assemblies can be | 
equipped with external spring guards for optimum _ 
protection against severe physical abuse. 


Resistoflex is the first and foremost hose assembly 
manufacturer extruding its own Teflon tubing and thus — 
fully controls the quality of the entire hose assembly. _ 
Send for Bulletin FH-2. 4 : 


8 Teflon is a DuPont trademark. Fluoroflex is a Resistoflex trademark. 1 


20th year of service to industry 
RESISTOFLEX 


Western Plant: Burbank, Calif. 
Southwestern Plant: Dallas, Tex. 


CORPORATION © Roseland, N. J. 
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ENGINEERS: SCIENTISTS 


“We’re developing the Atlas ICBM 
...giant step toward Outer Space!” 


DR. HANS R. FRIEDRICH 
Assistant Chief Engineer 
Development of aiR- 
ASTRONAUTICS, received 
his Ph.D. at the University 
of Leipzig, and was the 
co-developer, with 
Dr. Wernher ven Braun, of 
the famous V-2 rocket. He is. 
responsible for directing the, 
research and technical : 
elopment of the 
s ICBM. 


“The Atlas Intercontinental Ballistic Missile, now being 
designed and developed by CONVAIR-ASTRONAUTICS, will 
be, for a time during its flight, a true space vehicle. At 
hypersonic speeds, it will travel hundreds of miles 
beyond the earth’s atmosphere. 

“That's why our top theoretical scientists here at 
CONVAIR-ASTRONAUTICS are exploring every implication 
of flight into space. Even now these men are thinking in 
terms of multi-stage rocketry, re-entry, solar propulsion 
and cosmic dust bombardment. Other teams of our engi- 
neers and technicians are engaged in the practical appli- 
cation of this new science, Astronautics. 

“Our first job here at CONVAIR-ASTRONAUTICS, of 
course, is to make the Atlas ICBM operative, for we 
are aware that this is a top priority weapon. You — as 
an engineer — can appreciate the stimulating atmosphere 


generated by a project so vital to America’s defense oe IS A DIVISION OF GENERAL DYNAMICS CORPORATIO 


“As a graduate engineer or scientist with an aptitude 
for creative thinking, your future is with CONVAIR- 
ASTRONAUTICS. Here you will associate with the leaders 
in this advanced field — work in our new $40,000,000 
facility. You will see and feel the kind of achievement 
that means personal progress. And you will enjoy living 
at its best in beautiful, smog-free San Diego. 

“For your future’s sake, write today to: Mr. G. N. 
McMillan, Engineering Personnel, Dept. 76C.” 


CONVAIR | 


ASTRONAUTICS 
3302 Pacific Highway, San Diego, California 
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Phippen, Philosophical Library, New 
York, 1956, 225 pp. $12.00. This book 
is of a practical nature and is written 
for those who wish to construct their 
own nomograms. 


Theoretical Hydrodynamics, by L. M. 
Milne-Thomson, 3rd_ edit., MacMillan, 
New York, 1955, 632 pp. $7.50. This 
is the third edition of the well-known 
reerence text. It has been rearranged 
and rewritten. New material has been 
added also. This includes: Darwin's 
in‘erpretation of virtual mass, Shiff- 
man’s method of reflection across free 
streamlines, John’s treatment of potential 
flow with a free surface. 


Stormy Life, by Ernst Heinkel, FE. P. 
Dutton and Company, New York, 1956, 
253 pp. $5. The memoirs of one of the 
w: rld’s foremost aircraft designers, cover- 
ing the period between his birth in 1888 
ani 1953. It should interest all those 
w!o are interested in airplanes, for it tells 
alout the nontechnical aspects of air 
pc wer, primarily in Germany. 


Calculus—Refresher for Technical Men, 
by A. A. Klaf, Dover, New York, 1956, 
vii + 432 pp. $1.95. 


Trigonometry—Refresher for Technical 
Men, by A. A. Klaf, Dover, New York, 
1056, x + 629 pp. $1.95. 


Thermodynamic Tables and Other 
Data, by R. W. Haywood, Cambridge 
Press, New York, 1956, 23 pp. $0.50. 
Includes data on steam, ammonia, carbon 
dioxide, Freon-12 and methyl chloride. 


The Growing Shortage of Scientists 
and Engineers, the Sixth Thomas A. 
Edison Foundation, New York Univer- 
sity Press, New York, 1956, viii + 132 
pp. $4. The proceedings of the Sixth 
Thomas Alva Edison Foundation In- 
stitute held Nov. 21-22, 1955. 


1955 Vacuum Symposium Transactions, 
Committee on Vacuum Techniques, 
Boston, 1956, viii + 101 pp. Papers 
describing applications, techniques and 
nomenclature. 


Field Transportation of Concentrated 
Hydrogen Peroxide 


(Continued from page 677) 


Samuel D., “Hydrogen Peroxide as a Pro- 
pellant,’’ Journal of the American Rocket 
Society, March 1950. 

2 Bellinger, F., Friedman, H. B., 
Bauer, W. H., Easter, J. W., Ladd, J. H., 
Ross, J. E., Bull, W. C., and Edmonds, 
8. M., “Chemical Propellants,’’ Jndustrial 
and Engineering Chemistry, vol. 38, Feb., 
March and June 1946. 

3. Davis, NoahS., Jr., and Keefe, John 
H., Jr., “Equipment for Use with High 
Strength Hydrogen Peroxide,’’ Journal of 
the American Rocket Society, March-April 
1952. 

4 NAVAER 06-25-501, published by 
direction of the Chief, Bureau of Aeronau- 
tics, Jan. 15, 1957 (revised). 
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—GO FARTHER WITH 


Prime Contractor for 
TALOS GUIDED MISSILE — 


It just makes good sense—your opportunities are © 


always bigger and better when you play in the 


big leagues. 


Here at Bendix Guided Missiles our entire 


operation is definitely “big league”. With Bendix, 


prime contractor for the important and successful 


Talos Missile, there is literally an open field for 


advancement for an ambitious engineer who can 


accept the responsibilities that go with opportunity. 


The range of technical job opportunities is far 


wider than in companies where guided missile 


_work is a secondary project. Everyone you will be 


associated with at Bendix Guided Missiles is first 


and foremost a missile engineer—many of the 


engineers are ranked with the outstanding author- 


ities in the entire industry. 


If you want to enjoy the advantages available 


in the rapidly growing guided missile industry, you 


can make no better start than by completing and 


returning to us the coupon for the booklet “Your 
Future in Guided Missiles”. 


Bendix Products Division—Missiles 
! 409 M, Bendix Drive, South Bend, Indiana | 
a Gentlemen: | would like more information concerning opportunities in guided | 
| missiles. Please send me the booklet “Your Future In Guided Missiles.” | 
NAME 
ADDRESS 

CITY STATE 
734 
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WHAT'S AN 


ABVOLT ? 


(See bottom of column) 


ENGINEERS 

Low ENTROPY Position fora 
COMBUSTION 
DEVELOPMENT 
SUPERVISOR 


To direct advanced analytical 
and experimental programs in 
augmentation combustion and 
thermodynamics at jet engine 
department of leading company. 
Location: Midwest. 


Duties involve investigation of 
new augmentation combustion 
concepts entailing radical de- 
partures from current techniques; 
analytical and experimental 
evaluation of these concepts 
aimed at refinement and 
application to specific engine 
requirements. 

B.S., M.E., A.E., Ch.E. with 
f years in combustion research 
or development required, plus 
working knowledge of test facili- 
ties and supervisory experience. 

Send details of your 
experience in confidence to: 

BOX W, AMERICAN ROCKET SOCIETY 
500 FIFTH AVE., NEW YORK 36, N. Y. 


ABVOLT means one one-hundred- 
millionth of a volt. It’s the electro- 
magnetic unit of potential. 


Incidentally, ASCOP means one 
important thing: 


OPPORTUNITY for elec- 
tronic engineers with 
something to offer. 
Contact our technical 
personnel manager 
about some unusual 
offerings. 
ELECTRONIC ENGINEERS 
Skilled In 
Data Acquisition 
Data Handling 


RF Techniques 
Circuit Design 
Transistor Applications 
Technical Writing 


APPLIED SCIENCE CORP. 
OF PRINCETON 


12 Wallace Rd., Princeton, N.J. 
Phone PLainsboro 3-4141 


Technical Literature Digest___ 


Jet Propulsion Engines 


Free-jet Tests of a 1.1-Inch-Diameter | 
Supersonic Ram-Jet Engine, by Joseph H. 
Judd and Otto F. Trout, Jr., NACA 
TN 2906, Feb. 1957, 24 pp. 

A Theoretical Investigation of the Fac- 
tors Affecting Stalling Flutter of Com- 
pressor Blades, by A. D. 8. Carter, Gt. 
Brit., Aeron. Res. Council, Curr. Pap. 
265 (Formerly ARC Tech. Rep. 17730; 
Nat. Gas Turbine Estab., Rep. R172), 
1956, 13 pp., 9 fig. 

Why Small Engines?, by D. P. Edkins 
and M.H. Thorson, SAE, Prepr. 29, Jan. 
1957, 12 pp., 14 fig. 

The Small Gas Turbine: Problem and 
Promise, by Sumner Alpert, SAF, Prepr. 
30, Jan. 1957, 5 pp., 9 fig. 

Evolution of a Gas Turbine, by Wallace 
I. Skidmore, SAE, Prepr. 31, Jan. 1957, 
10 pp., 24 fig. 

Some Experiences in the Development 
and Application of Lycoming’s T53 Gas 
Turbine Engine, by Anselm Franz, SAF, 
Prepr. 32, Jan. 1957, 6 pp., 8 fig. 

Experimental Stress Analysis in Small 
Turbines, by Gordon Sorenson, SAF, 
Prepr. 33, Jan. 1957, 8 pp., 23 fig. 

increased Mission Effectiveness through 
the Application of Small Gas Turbine 
Engines, by Reece V. Hensley and Nor- 
man C. Witbeck, SAF, Prepr. 34, Jan. 
1957, 6 pp., 7 fig. 

Combustion Chamber Geometry and 
Fuel Utilization, by James C. Hughes, 
SAE, Prepr. 53, Jan. 1957, 8 pp., 25 fig. 

Turboprop Engine, by Danie! H. Jacob- 
son and Robert A. Rogers, SAF J/., vol. 
65, Feb. 1957, pp. 23-24. 

Identification of Foreign Objects Dam- 
aging Compressor Blades in Turbojet 
Engines, by A. EK. Spakowski and J. 
Graab, NACA RM F56J12, Jan. 1957, 12 
pp. 

Investigation of Rotating Stall in a 
Single-Stage Axial Compressor, by 5. R. 
Montgomery and J. J. Braun (Mass. Inst. 
Tech.), NACA TN 3823, Jan. 1957, 28 pp. 

Analytical Investigation of the Effect of 
Water Injection on Supersonic Turbojet- 
Engine-Inlet Matching and Thrust Aug- 
mentation, by Andrew Beke, VACA TN 
3922, Jan. 1957, 25 pp. 

Effect of Ambient-Temperature Vari- 
ation on the Matching Requirements of 
Inlet-Engine Combinations at Supersonic 
Speeds, by Eugene Perchonok and Donald 
P. Hearth, NACA TN 3834, Jan. 1957, 
16 pp. 

On the Variation of the Performance of a 
Ram-jet with Controlled or Uncontrolled 
Exit Area, by L. Pascucci, L’ Aerotecnica, 
vol. 36, Aug. 1956, pp. 270-275 (in Italian). 

A Principle of Maximum Power, by C. 
Riparbelli, L’ Aerotecnica, vol. 36, Aug. 
1956, pp. 276-277 (in Italian). 

Ramjet Testing, by Joel Ferrell and Ray 
W. Harvey, SAE J., vol. 65, Jan. 1956, 
p. 34. 

Military Jets Need Adapting for Civilian 
Transport Use, by Abe Silverstein and 
Newell D. Sanders, SAE J., vol. 65, Jan. 
1957, pp. 35-39. 

Turboprop Fuel Control Can Tolerate 
Limited Range of Fuel Densities, by F. G. 


M. H. Smith, Associate Editor, and M. H. Fisher, Contributor 
The James Forrestal Research Center, Princeton University 


at Dougherty and M. C. Hardin, SAF 


vol. 65, Jan. 1957, pp. 40-41. 

The Role of the Turbine in Future Ve- 
hicle Powerplants, by C. G. A. Rosen, 
SAE J., vol. 65, Jan. 1957, pp. 42-56. 

The Ramprop, a Supersonic Jet Driven 
Propeller, by A. Gail, Zeitschr. Flugwiss., 
vol. 4, Nov. 1956, pp. 341-355. 

Summary of 65-Series Compressor- 
Blade Low-Speed Cascade Data by Use of 
the Carpet-Plotting Technique, by A. Rich- 
ard Felix, NACA TN 3913, Feb. 1957, 18 
pp. (supersedes NACA RM L54H 18a). 

Systematic Two-Dimensional Cascade 
Tests of NACA 65-Series Compressor 
Blades at Low Speeds, by L. Joseph 
Herrig, James C. Emery, and John R. 
Erwin, NACA TN 3916, Feb. 1957, 223 
pp. 

How Bristol Licked Britannia Flame- 
out, by Anthony Vandyk, Amer. Aviation, 
vol. 20, Feb. 25, 1957, p. 80. 

Foreign Gas Turbine Engines, and 
U.S. Gas Turbine Engines, Aviation Week, 
vol. 66, Feb. 25, 1957, 24th Annual Inven- 
tory of Air Power, pp. 229, 242. 

Some Effects of Changing Solidity by 
Varying the Number of Blades on Per- 
formance of an Axial-Flow Compressor 
Stage, by Raymond M. Standahar and 
George K. Serovy, NACA RM FE52A31, 
Apr. 1952, 46 pp. (Declassified from Con- 
fidential by authority of NACA Res. 
Abstracts 111, p. 12, Jan. 28, 1957.) 

Rotating Stall Investigation of 0.72 Hub- 
Tip Ratio Single-Stage Compressor, |\ 
Robert W. Graham and Vasily D. Prian, 
NACA RM ¥53L17a, March 1954, 21 pp. 
(Declassified from Confidential by au- 
thority of NACA Res. Abstracts 111, p. 
12, Jan. 28, 1957). 

Aerothermodynamic Propulsion 
Method, by 8. Lal and I. Michelson, Odin 
Associates, Rep. 100-1, (AF OSR-T N-56- 
523; ASTIA AD No. 110341), Sept. 1956, 
81 pp. 


Rocket Propulsion Engines 


A Theoretical and Experimental Investi- 
gation of a ‘‘Lhitergol’’ Rocket, by R. M. 
Corelli, Aerotecnica, vol. 36, no. 5, Oct. 
1956, pp. 356-364 (in Italian). 

Design and Functions of the HTV 
Rocket, by David Shonerd, Western Avia- 
tion, vol. 37, Jan. 1957, pp. 6-8. 

Rockets Burning Pre-Mixed Gaseous 
Propellants, by Loren Kk. Bollinger, Shell 
Aviation News, Dec. 1956, pp. 15-18. 

The Utilization of Power in Rocket 
Propulsion, by P. Formentini, L’ Aeéro- 
tecnica, vol. 36, Aug. 1956, pp. 255-264 (in 
Italian). 

Rocket Engine Reliability, by A. G. 
Thatcher and H. A. Barton, Ordnance, vol. 
41, Jan.-Feb. 1957, pp. 722-726. 

Optimum Volume of Gas Reservoir for 
Feeding Liquid Rockets, by P. Larue, La 
Recherche Aéronautique, No. 54, Nov.- 
Dec. 1956, pp. 17-20 @in French). 


Fluid 


Heat Transfer and 


Flow 
The Representation of Engine Airflow 
in Wind Tunnel Model Testing, by J. 
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Seddon and L. F. Nicholson, Gt. Brit. Roy. 
Aircraft Estab., Tech. Note Aero 2371, May 
1955, 21 pp., 19 fig. 

Design of an Apparatus to Measure the 
Admittance of a Convergent Nozzle to 
High Longitudinal Oscillations, 
by Paul Lieberman, Princeton Univ., 
Dept. Aeron. Engng., Nov. 1956, 49 pp. 

M.S.E. Thesis). 

The Secondary Flow in Compressor 
Blades at High Negative Incidences, by 
W. D. Armstrong, Gt. Brit., Aeron. Res. 
Council, Curr. Pap. 297, (Formerly ARC 
Tech. Rep. 18393), 1956, 3 pp., 6 fig. 

Turbulent Diffuser Flow, by B. 8. 
Stratford, Gt. Brit., Aeron. Res. Council, 
Curr. Pap. 307, (Formerly ARC Tech. 
Rep. 18351; Nat. Gas Turbine Estab., 
Vote NT200), 1956, 55 pp., 9 fig. 

The Intensity of Aeolian Tones, by O. 
M. Phillips, J. Fluid Mech., vol. 1, Dee. 
1956, pp. 607-624. 

Correspondence Between the Character- 
istics of Compression of an Axial Rotor 
and the Large Motions of the Regime of 
Rotating Separation, by J. Fabri and L. 
Jarlan, La Recherche Aéronautique, no. 54, 
Nov.-Dec. 1956, pp. 21-22 (in French). 


Test of a Supersonic Diffuser with a 
Variable Nozzle, by Y. Cavaille, J. Ma- 
thieu, and G. Frasso, La Recherche Aéro- 
nautique, no. 54, Nov.-Dec. 1956, pp. 55- 
56 (in French). 


Combustion 


Aerodynamics of Flame Stabilization, 

Fourth Quarterly Progress Report for 
Period 15 August-15 November 1956, 
Princeton Univ., Dept. Aeron. Engng., Rep. 
335-d, Nov. 1956, 124 pp. (This report 
contains the PhD. Thesis of A. A. Kovitz 
entitled “Ignition in the Laminar Wake 
of a Flat Plate.’’) 
Combustion Instability in Liquid Propel- 
lant Rocket Motors, Eighteenth Quarterly 
Progress Report for the Period 1 August 
31 October 1956, Princeton Univ., Dept. 
Aeron. Engng., Rep. No. 216-r, Dec. 
1956. 

Applications of the Electronic Probe to 
the Study of Turbulent Flames, by D. W. 
Denniston, Jr., J. R. Oxendine, D. H. 
Knapschaefer, D. S. Burgess and B. 
Karlovitz, J. Appl. Phys., vol. 28, Jan. 
1957, pp. 70-75. 

Relative Rates of Some Very Rapid 
Gaseous Bimolecular Reactions, by 
Jerome Daen and R. A. Marcus, J. Chem. 
Phys., vol. 26, Jan. 1957, pp. 162-168. 

The Burning and Explosion of Single 
Crystals, by B. L. Evans and A. D. Yoffe, 
Proc. Royal Soc., vol. A238, Jan. 8, 1957, 
pp. 325-333. 

A General System for Calculating Burn- 
ing Rates of Particles and Drops and Com- 
parison of Calculated Rates for Carbon, 
Boron, Magnesium and Isooctane, by 
Kenneth P. Coffin and Richard S. Brokaw, 
NACA TN 3929, Feb. 1957, 56 pp. 

Some Flame Speed Measurements by 
Particle Track Methods, by James J. 
Bailey, Harvard Univ., Combustion Aero- 
dynam. Project, Interim Tech. Rep. 15, 
Nov. 1956, 36 pp. 

Spark Ignition of Mists—Development 
of Apparatus and Preliminary Results, by 
A. E. Weller, Wright Air Devel. Center, 
Tech. Rep. 55-430, (ASTIA AD 110683), 
Dec. 1956, 25 pp. 

Spectroscopic Investigation of Butane 
NO, Flames, by W. W. Wharton, T. D. 
Violett, and E. Miller, Redstone Arsenal, 
Ordnance Missile Labs., Rep. 2R21F, Nov. 
1956, 31 pp. 
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#92 ina series...on the new science of CABLE-TRONICS 


/ 


/ 


Scientists a generation ago saw little chance of an earth-launched flight vehicle 
ever traversing outer space. Today... as a future accomplishment... the aim 
seems “feasible”. Al 
A just announced, gratifying step in this direction is the development of D.R. 

Critical Temperature Cable . . . already helping to fulfill the task of high = 
atmospheric rockets. D.R. Critical Temperature Cable, reliably functioning 3 
between -85°F and + 410°F, lifts the ceiling on cabling limitations and helps 
the engineer or scientist move into “outer space” in his cable specifications. 7 


D.R., “Cable-Tronic” pioneers, are equipped to custom fabricate complex 
electronic cables, in round, flat, hollow center or other unusual designs from 
cable spinning through connectors... breakouts... metal work... _fasteners.. 

testing and complete systems in prototype or production quantities to your = 


specifications or R & D to meet your requirements. 2 i 4 
Write for illustrated catalog #197 covering - at 
CUSTOM ELECTRONIC CABLE 
CABLE DIVISION OF 


ouglas 


loesch Halt’ ON: Incorporated, 


2950 NO. ONTARIO ST., BURBANK, CALIFORNIA 
Cable-Tronics « Electronics * Heavy Duty Engines ¢ Industrial Products 
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LAVEzz MACHINE WORKS 


4635 WEST LAKE ST. CHICAGO 4 


DATA PROCESSING SPECIALISTS! 


Get in now —at the beginning 
of the new era in missiles! 


When you join Telecomputing’s ATTRACTIVE SALARIES 
Engineering Services Division, PROFIT SHARING 
you will be given full scope to 
allow you to grow...your talents 
will be used to the fullest... RELOCATION PAY 
recognition and rewards will be ACCREDITED EDUCATION — 
yours as a matter of course. GROUP INSURANCE 

Not only is Engineering Serv- 
ices a member of an integrated 
five-company missiles systems 
corporation which designs and 
manufactures its own data- 
processing equipment, but it is 
responsible for most of data 
reduction of the integrated 
Holloman-White Sands range 
flight testing of all types of mis- 
siles including the newest devel- 
opments in the field. 


A NEW LIFE IN NEW MEXICO'S 
FABULOUS “LAND OF ENCHANTMENT” 


MOUNTAIN SKIING AND DESERT 
RESORTS WITHIN 30 MINUTES! 


A WONDERFUL PLACE 
TO MAKE YOUR HOME — 
GRAND COUNTRY TO RAISE KIDS! 


Send resume to Director of Technical Personnel 


TELECOMPUTING CORPORATION 
Engineering Services Division 
BOX 447 * HOLLOMAN AIR FORCE BASE + NEW MEXICO 
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Fuels, Propellants and 
Materials 


Effect of Fuel Volatility Characteristics 
on Ignition Energy Requirements in a 
Turbojet Combustor, by Hampton H. 
Foster and David M. Straight, NACA RM 
E52J21, Jan. 1953, 32 pp. (Declassified by 
authority of NACA Res. Abstracts 108, 
Nov. 2, 1956, p. 13.) 

Factors in Selecting Fuels for Gas Tur- 
bine Powered Aircraft, by Louis C. Gib- 
bons, NACA RM E50118, Nov. 1950, 85 

p. (Declassified by authority of NACA 

es. Abstracts 107, Oct. 9, 1956, p. 11.) 


Effect of Concentration on Ignition De- 
lays for Various Fuel-Oxygen-Nitrogen 
Mixtures at Elevated Temperatures, by 
E. Anagnostou, R. S. Brokaw and J. N. 
Butler, NACA TN 3887, Dec. 1956, 34 
pp. 

A Quick Test for the Detection of the 
Deterioration in Stored IMR Propellant, 
by Norman E. Beach, Picatinny Arsenal, 
Samual Feltman Ammun. Labs., T R 2386, 
Dec. 1956, 16 pp. 

Material Compatibility with Gaseous 
Fluorine, by Harold G. Price, Jr., and 
Howard W. Douglass, NACA RM E56- 
K21, Jan. 1957, 5 pp. 

Theoretical Performance of Liquid Hy- 
drogen and Liquid Fluorine as a Rocket 
Propellant for a Chamber Pressure of 600 
Pounds per Square Inch Absolute, by 
Anthony Fortini and Vearl N. Huff, 
NACA RM E56L10a, Jan. 1957, 38 pp. 

Effects of Additives an Flame Propaga- 
tion in Acetylene, IV, by Gene Morrow, 
M. B.S. Munson, F. V. Wolford and R. C. 
Anderson, Univ. Texas, Tech. Note 34, 
(AF OSR-TN-56-598; ASTIA AD 115- 
025), Nov. 1956, 6 pp. 

Theoretical Rocket Performance of 
JP-4 Fuel with Mixtures of Liquid Ozone 
and Fluorine, by Vearl N. Huff and San- 
ford Gordon, NACA RM E56K14, Jan. 
1957, 22 pp. 

Theoretical Combustion Performance 
of Ramjet Fuels: Propane, by W. T. 
Renich, Johns Hopkins Univ., Appl. 
Physics Lab., CF-2609, Dec. 1956, 1 p., 8 
fig. 

Combustion of Elemental Boron, Quar- 
terly Summary Report for September- 
November 1956, Experiment Inc., T M- 
898, Dec. 1956, 5 pp. 

Studies of the Ignition Limits and Multi- 
stage Flames of the System Propane- 
Nitrogen Dioxide-Nitric Acid, by Albert 
L. Myerson, Francis R. Tay lor and 
Barbara G. Faunce, Wright Air Dev. Cen- 
ter, Tech. Note 56-44, (ASTIA AD 110- 
509; Franklin Inst., Interim Tech. Rep. 
J-2452-1), June 1954—Dec. 1955, 27 pp. 


Evaluation of Altitude-Ignition Char- 
acteristics of Three Fuels of Different 
Volatility in a Turbojet Engine, by Willis 
M. Braithwaite and Joseph N. Sivo, 
NACA RM E531 11, March 1954, 14 pp. 
(Declassified from Confidential by au- 
thority of NACA Res. Abstracts 111, p. 
12, Jan. 28, 1957.) 


Preliminary Investigation of Guy Alloy 
as a Turbojet-Engine Bucket Material for 
Use at 1650° F., by R. A. Signorelli, J. R. 
Johnston and J. W. Weston, NACA RM 
E56119, Nov. 1956, 22 p (Declassified 
from Confidential by authority of NACA 
Res. Abstracis 111, p. "13, Jan. 28, 1957.) 


Effect of Frequency and Temperature on 
Fatigue of Metals, by S. R. Valluri, (Calif. 
Inst. Tech.) NACA TN 3972, Feb. 1957, 
15 pp. 


The Properties of a Gaseous or wd 


by J. 0. Hirschfelder and R. J 


JET PROPULSION 
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Buehler, Univ. Wisconsin, Naval Res. Lab., 
Tech. Rep., WIS-OOR-17, Jan. 1957, 13 
pp. 

A Method for Determining the Com- 
position of Methanol-Trimethyl Borate 
Mixtures, by Samuel Kaye and Frank 
Sordyl, NACA RM E55H15, Nov. 1955, 
11 pp. (Declassified from Confidential 
by authority of NACA Res, Abstracts, 
111, p. 13, Jan. 28, 1957.) 


Analytical Aspects of Hydroxylamine in 
Propellant Chemistry, Part I: Spectro- 
photometric Determination of Triacetin in 
Ethylcellulose Inhibitors, by William M. 
Ayers, NAVORD Rep. 5382, Part 1, 
(VOTS 1629), Jan. 1957, 14 pp. 


Instrumentation and 
Experimental Techniques 


Design and Construction Features of a 
Nuclear-Powered Cell, Electronic Equip- 
went, vol. 5, March 1957, pp. 26-27. 

fonization Transducer Lessens Load on 
Diaphragm, Design News, vol. 12, March 
1, 1957, p. 35. 

What’s Available for Measuring Mass 
Flow, by George T. Gebhardt, Control 
Engng., vol. 4, Feb. 1957, pp. 90-94. 


Recording Instruments Aid Research 
Involving Measurement of Dynamic Phe- 
nomena, by John L. Harned, General 
Motors Engng. J., vol. 4, Jan.-March 
1957, pp. 18-23. 

Chilled Water Cools Jet Fuel System 
Test Machines, by Ross Zumwalt, Heat- 
ing, Piping & Air Conditioning, vol. 29, 
Feb. 1957, pp. 174-175. 

A Direct Measurement Technique of 
Determining Rocket Exhaust Velocities, 
by Loren E. Bollinger and Rudolph Edse, 
Wright Air Dev. Center, T.R. 56-336, 
(ASTIA AD 110500), Nov. 1956, 35 pp. 

Electronics—the Key Problem of Reli- 
ability, by Robert Lusser, Redstone Ar- 
senal, 1957, 18 pp. 


The Notorious Unreliability of Complex 
Equipment; a Condensed Presentation for 
Management Use, by Robert Lusser, 
Redstone Arsenal, Sept. 1956, 10 pp. 


The Hot Wire Anemometer for Turbu- 
lence Measurements, Part I, by B. Wise, 
Gt. Brit., Aeron. Res. Council, Curr. Pap. 
273 (formerly ARC Tech. Rep. 13803; 
Oxford Univ. Engng. Lab., Rep. 52), 1956, 
8 pp., 15 fig. 

The Hot Wire Anemometer for Turbu- 
lence Measurements, Part II, by B. Wise 
and D. R. Stewart, Gt. Brit., Aeron. Res. 
Council, Curr. Pap. 274 (formerly ARC 
Tech. Rep. 14285; Oxford Univ. Engng. 
Lab., Rep. 54), 1956, 12 fig. 

The Hot Wire Anemometer for Turbu- 
lence Measurements, Part IV, by B. Wise 
and D. L. Schultz, Gt. Brit., Aeron. Res. 
Council, Curr. Pap. 276 (formerly ARC 
Tech. Rep. 16726; Ozford Univ. Engng. 
Lab., Rep. 71), 1956, 16 pp., 24 fig. 

Recommended Safety Rules and Regu- 
lations Concerning Static Electricity, Shell 
Oil Co., 1957, 12 pp. 

Molybdenum Combats High Tempera- 
ture, Chem. Engng., vol. 64, March 1957, 
pp. 298-304. 

Flammability Limits for Hydrocarbons 
at Low Pressures, by Paul B. Stewart and 
S. Starkman, Chem. Engng. Progress, 
vol. 53, Jan. 1957, pp. 41-J—45-J. 


A Study of the ‘‘Toss Factor’’ in the 
Impact Testing of Cermets by the Izod 
Pendulum Test, by H. B. Probst and 
Howard T. McHenry, NACA TN No. 


3931, Feb. 1957, 13 
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For nerves that 


won't break down 


... Specify 
REVERE TEFLON* CABLE 


Electronic cables, the “nerves” of monitoring and test- 
ing systems in missiles, rockets and aircraft, are con- 
stantly being stressed by the searing heat around jet i 
engines .. . the sub-zero cold of the stratosphere . . . 
immersion in fuels, chemicals or solvents. Revere Teflon 
Cable meets these high service requirements .. . and 


those of computer and radar applications, too. 


Revere Teflon Cables are available with 1, 2, 3 or 4 
teflon-insulated, silver plated, stranded copper con- 
ductors, rated for continuous operation from —90°C. § ] 
to +210°C. Cables are shielded with silver plated cop- 
per to give 90% coverage. Jackets to suit application 
— silicone treated glass braid, teflon, Kel-F**, vinyl, 


nylon, etc. 


Conductor size: 24 to 18 gage in .008” (300 volt), 
.010” (600 volt) and .015” (1000 volt) wall thicknesses. 
Ten and fifteen mil wall conductors meet applicable 
requirements of MIL-W-16878, Type E and EE. 


T Wire passes 500 hr., 
also cold bendt 


TYPICAL SPECIFICATIONS — Single Conductor Teflon Insulation 


Insulation Resistance ..Greater than 10* megohm/ 1000 ft. 
Continuous Operating Range ...... —90°C. to +210°C. (¢) 
Dielectric Constant @ 1 MC/See 2.5 maximum 
Power Factor @ 1 MC/See .........2..cc:00000: Less than 0.0003 
Flammability Does not support combustion 
Shrinkage ......... Less than Ye” in 18” @ 250°C for 96 hrs. 


Abrasion (per MIL-T-5438) ........... Passes 38’ of 400 grit, 
aluminum oxide, 1 lb. weight 


Chemical and Solvent Resistance ..................:.:000+. Excellent 


Write today 
for Engineering 


Bulletin 1905 describing 
Revere TEFLON CABLE. 


CORPORATION OF AMERICA 


*E.1. du Pont trademark 
**M.W. Kellogg trademark 


250°C heat-aging test 


WALLINGFORD, CONNECTICUT A a of oan Meter Company 
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from Petroleum 


by Phillips 


Phillips solid propellants for rockets, made from low 
cost petrochemicals, come in a wide range of im- 
pulses for a variety of applications where required. 
These new solid propellants can be made relatively 
smokeless. They operate successfully at tempera- 
tures from —75 F to 170 F. Insensitive to detonation 
by impact or explosion, they are also capable of be- 
ing stored for long periods without deterioration. 
Exhaust gases are noncorrosive and relatively low in 
temperature. The facilities of the Phillips operated 
Air Force Plant 66, near McGregor, Texas, are com- 
pletely equipped for development, testing and man- 
ufacture of rocket motors. Consult Phillips about 
your propulsion needs. 7 


Address all inquiries to: 
Rocket Fuels Division, Bartlesville, Oklahom 


PHILLIPS 
PETROLEUM COMPANY 


Bartlesville, Oklahoma 
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soul big reason why more E101’s are at work 
than all other small electronic digital 
computers combined! Solves problems between 
the scope of desk calculators and costly 
“electronic brains”... at such low cost, and 

so handily, that priceless technical man-hours 
are saved. E101 digital computers can be 
delivered quickly ...instantly available for 
low-cost technical computation. For proof, 
send us one of your problems or ask for a 
demonstration. For descriptive booklet, write: 


ElectroData 


-B Division of Burroughs Corporation 
with world-wide sales and service facilities 
460 Sierra Madre Villa, Pasadena, California 
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Freedom to pioneer — freedom to grow... these 
are the challenges and new engineering opportuni- 
ties at Marquardt Aircraft. 


Through these freedoms, Marquardt stands 
established as the leader in ramjets, “powerplant 
of the future.” 


Through these freedoms, Marquardt leads the way 
into advanced engineering projects. 


These freedoms — pioneering and growth — are as 
individual as each professional engineer, as col- 
lective as the entire Marquardt team. Through 
them, Marquardt now offers new and unlimited 
opportunity for professional engineers in two of 
the West’s most stimulating areas. At Ogden, 
Utah, in the heart of the Wasatch Mountain 
vacation area, Marquardt is now constructing a 
multi-million dollar production plant to produce 


supersonic powerplants for the Boeing Bomarc 
interceptor missile. And in Southern California’s 
San Fernando Valley, Marquardt professional 
engineers are involved in a major expansion pro- 
gram for design, development, and test of new 
ramjet engines and turbojet and ramjet controls. 


If you are a professional engineer interested in 

the freedom to pioneer — the freedom to grow — 

for yourself and your company, we invite you to 

investigate the opportunities at Marquardt Air- 

craft, today. Please contact Jim Dale, Professional 

Personnel, 16651 Street, Van N Calif. 


NAIRCRAFT CO. 


4 


VAN NUYS, CALIFORNIA OGDEN, UTAH 


FIRST IN RAMJETS 
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"Reliable Cable Systems Engineered 
ide Tomorrow’ s Answers Today: 


Pacific Automation Products’ systems engineering service, based 
on broad missile, aircraft, radiation, communication, computer 
and allied electronic experience, is available to assist you in 
your military and commercial projects. 

J This comprehensive service integrates and coordinates the 
cabling responsibility for a system in one facility. 


PROGRESSIVE STEPS TO RELIABLE CABLING SYSTEMS 

ANALYZE... . overall system 

PROPOSE. ... engineering concept of cable requirements conceived by the 
following criteria: combining circuits; minimizing total number 
of cables; establishing re-usable standard types 

ENGINEERING. liaison team supplied to function with customer’s engineering 
staff, designing cables concurrently with development of the 
overall system 

MANUFACTURE ready-to-install cables to be available as required 

INSTALL. .. .. prefabricated cable and connect to terminal hardware in sched- 
ule with project activities 

CHECK-OUT. . . the cable system to guarantee compatibility of cable installation 
with the overall function of the system 

DOCUMENT. ..the complete cable system, including drawings, broken down 
into components covering consideration to segregation of ele- 
ments that may be used as building blocks for future addition 
to the system 

Reliability is the product of this comprehensive systems engineer- 

ing service . . . achieved only through the thoroughness of the 

above procedure. For additional information regarding Pacific 

Automation Products’ systems engineering service, write for 

Bulletin 166. 


Pacific Automation Products, mmmame 


1000 AIR WAY, GLENDALE g, CALIFORNIA Career opportunities with us. Submit resume for an 
CHapman 5-6871 ° TWX: GLN 7371 interview. 
137 Walnut Hill Village, Dallas, Texas Fleetwood 2-5806 
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SPECIFICATIONS... Closing time: 0.1 second 
Leakage: 0 Volume flow: over 40,000 s.c.f.m. 
Inlet pressure: over 3,000 psig 
Temp. range: +400° F. to —300° F. ee 
Size: inlet dia. 2” — outlet dia. 8” — length 18” 


Pressure regulation maintained within 1% of setting paw 
Downstream pressure programmed with timing motor 


AiResearch valves: 
solve special 
i industrial problems 


Petroleum Industry Applications _ 
Chemical Industry Applications 
Applications 


Nuclear Energy Applications 


Recent scientific and engineering advances have multiplied 
the needs for valves and controls with critical operating 
characteristics. 

AiResearch has fifteen years of experience in the engi- 
neering and fabrication of specialized valves of all types. 
We can solve problems which include the handling of liquid 
nitrogen, liquid oxygen and pressurized helium under 
rigorous extremes of heat, cold and other environmental 
conditions. The valve illustrated, developed for a rocketry 
application, is an example of our capabilities in this field. 

If you have a problem involving specialized valves, we 


invite you to contact us. 


CoRPORA, 
AiResearch Industrial Division 


9225 South Aviation Blvd., Los Angeles 45, California 


DESIGNERS AND MANUFACTURERS OF TURBOCHARGERS AND SPECIALIZED INDUSTRIAL PRODUCTS 
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ACTUATION PROBLEM too tough for ordinary devices? 


SAGINAW CAN HELP YOU SOLVE 1: 


Saginaw b/b Screws oe 
guaranteed 90% efficient 


—offer 6 major ad- 
vantages for designers 


Available in custom machined and commercial 


rolled thread types—have been built from 14 


— to 3914 feet long—% to 10 inches diameter. 


Nut glides on steel balls. Like stripes on 
a barber pole, the balls travel toward 
end of nut through spiral “tunnel” 
formed by concave threads in both 
screw and mating nut. 


1 VITAL POWER SAVINGS. With 
gucranteed efficiency of 90%, Sag- 
inaw b/b Screws are up to 5 times as 
efficient as Acme screws, require only % 
as much torque. This permits much smaller 
motors with far less drain on the electrical 
system. Circuitry is greatly simplified. 


2 SPACE/WEIGHT REDUCTION. Scag- 
inow b/b Screws permit use of smaller 
motors and gear boxes; eliminate pumps, 
accumulators and piping required by hy- 
draulics. In addition, Saginaw b/b Screws 
themselves are smaller and lighter. Units 
have been engineered from 11% in. to 
39Y2 ft. in length. 


PRECISE POSITIONING. Machine- 

ground Saginaw b/b Screws offer a 
great advantage over hydraulics or pnev- 
matics because a component can be posi- 
tioned at a predetermined point with 
precision. Tolerances on position are held 
within .0006 in./ft. of travel, 


SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS 
WORLD’S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLINES 
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At end of trip, one or more tubular 
guides lead balls diagonally back 
across outside of nut to starting point, 
forming closed circuit through which 
balls recirculate. 


4 TEMPERATURE TOLERANCE. Nor- 

mal operating range is from —75° to 
+275° F., but assemblies have been de- 
signed in selected materials which function 
efficiently as high as +900° F. These units 
ore practical where hydraulic fluids have 
lost efficiency or reached their flash point. 


LUBRICATION LATITUDE. Even if 

lubrication fails or cannot originally 
be provided because of extreme tempera- 
tures or other problems, Saginaw b/b 
Screws will still operate with remarkable 
efficiency. Saginaw units have been de- 
signed, built and qualified for operation 
without any lubrication. 


FAIL-SAFE PERFORMANCE. Far less 

vulnerable than hydraulics. In addi- 
tion, Saginaw offers three significant ad- 
vantages over other makes: (1) Gothic 
arch grooves eliminate dirt itivity, in- 
crease ball life; (2) yoke deflectors and 
(3) multiple circuits provide added assur- 
ance against operating failure, 
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YOUR FREE COPY OF THIS Es" 
NEW b/b SCREW AND SPLINE 
“PROBLEM SOLVER’ SHOWS HOW 


36 pages crammed with time-, work-, and money- 
saving facts: Principles e Types ¢ Basic Operations « 
Coupling Methods Efficiency Advantages 
Selection Factors « Design Data ¢ Sample Problems 


SAGINAW 
b/b SPLINE 


@ Averages 40 times 
lower coefficient of 
ordi- 


friction than 


nary sliding splines! 


Utilizing the same basic gliding ball principle, Saginaw has 
developed the Saginaw b/b Spline which radically increases 
the efficiency of transmitting or restraining high torque loads. 


It can be fitted with integral gears, clutch dogs, bearing and 
sprocket seats, etc. Units have been built from 3 inches to 
10 feet long—%% to 6 inches in diameter. 


SEND TODAY FOR THIS FREE 1957 
ENGINEERING DATA BOOK... 


or see our section in Sweet's Product Design File 


Saginaw Steering Gear Division 
General Motors Corporation 

b/b Screw and Spline Operation 
Dept. 7U, Saginaw, Michigan 


Please send new engineering data book on Saginaw b/b Screws and 
Splines to: 


NAME 


COMPANY. TITLE 


ADDRESS 


CITY ZONE STATE 
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expand production. 


We will welcome the opportunity to assist you 
in evaluating its outstanding capabilities. : 


Westvaco Chior-Alkali Division 
R ( FOOD MACHINERY AND CHEMICAL CORPORATION 


e 161 East 42nd Street, New York 17, New York 
S BECCO® peroxygen chemicais * FAIRFIELD® pesticide compounds « FMC® organic chemicals NIAGARA®i 
v7 industria! sulphur «+ OHIO-aPEx® plasticizers and resins «+ westvaco® alkalis, solvents, phosphates, barium and 9g 
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Strategic military: ts ‘without exp 
The Rascal, developed by the Bell Aircraft 
Corporation, is one of many missiles using 
IMAZINE. To meet the demand for DIMAZINE 
we have expanded and are continuing to : 
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TYPICAL INTRICATE JOB 


Above you see a Mold Core for a solid propellant rocket motor. Previously it SEND METAL 


MISSILE 

had been contour turned and now you see the contour taper being carefully sameeren! 

machined by a Diversey master craftsman. He uses a tracer controlled Rockford FOR 

Hydraulic Planer to machine the aluminum to a fine surface finish. FREE 

You have the largest facilities exclusively devoted to your guided missile and BOOKLET 

rocket hardware problems at Diversey Engineering. In missile metal machining 

we know what works and what won't. Contact us on your intricate jobs. - 
LEADERS IN CONTOUR MACHINING 


Diversey ENGINEERING COMPANY 


10257 FRANKLIN AVENUE + GLADSTONE 5-4737 
FRANKLIN PARK, ILLINOIS « A Suburb of Chicago 


FROM NOSE TO NOZZLE, FROM FIN TO FIN, CONTOUR TURNED PARTS—WITH PRECISION BUILT IN 
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